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20. Abstract (Continued)

installation and test program is explained. A ground based experiment using

a truck traveling at about 30 mph (13.4 m/s) as the radar platform is

described. Under these experimental conditions, the performance of

NFMRAD is computed theoretically and compared to expected performance

of systems using Chebyshev and uniform-fed antenna arrays with and with-

out filters. Real-time processing tasks such as antenna pattern synthesis,
Doppler filtering, and detection processing are described. Hardware per-

formance and a functional description of the radar hardware is presented.

NFIMRAD transmitter, receiver, and digital processing specification are

reviewed, and experimental system restrictions are made clear. The

NFMRAD system is found to have its greatest superiority over other systems

for cases in which the differences between the radial velocities of the target

and the local clutter is not large. /
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Null Filter Mobile Radar (NFMRAD):
Concept Verification

L. I TROPI CTION

Pulse -Dopnpler iid 'rs iNIuidinna-r'l ru'irh' nr

iul the detectIion tuf s I v. -mvn, standd-off tiar et', ej bcdd in cIuttc (-.rI Ii1

fl i a e). Such ariar e xperiences interncrcn fin)n t his burke iv und r ut'..

Clutter signals received thr1 ub the 'ntainberim tiavy he (list inuished ma tcrt

of inte rest by' apropr'iate Doppler filto rinc. TFhis is 1)-ssi ble, Siic" the.

beam clutter !returns possess near -Zero Dopple(r and (an he' tffue tiv(-el ipaicv

from a mirvinz target signal possessing a Dopplerfe - euc'nc v shtift. II ', ."vr'(a

clutter received through receive antenna ,sidehi bes lriwlssis i'.i relat a11

the rin)vinef radar pint rorm. This s id libo c lotte -in en Si l ya)sse-ss i r~ti~r

equal to that oif a moiving target in the receive aintcnna ruacrrealra D a j-iE r' till(r

ing of' this s idelohe clutter signal wt'ill not separite it f'rom- the r erD i-il a sir -

nal received thro-ugh thre ma inbeamn He-nce, %% ith suffi cint pro (-r, tire s l I'

clutter signalI inn obscure the cia inheaur ta rget; thus, i vinc tnargret eecnt-i izs

rendered difficult (Ii impoissible. TIhe detecticon f a noving tar'get %a ill 1( ti' i

where no) such t a 'get exists in the ron inhento

This phenomrenonr results from, the mechanism v.hich gencrt'ntS :I Doppulrt'rf1-

quenn'v and roar he referenced toi the fri 'ward rotion ,f the radri r itfa rtn

follow ing relantion:

(fere ,ived fo r publication 3 ( itobe r 1980)



2 V
f d x (OS

where ), is the a avr'length 1'f the radar fr('quency; V ",is the fila a rd velmorit'.'J

the ajrb rnt- radar platform; 11 is rrwasured fromr the line (,f fiora ard mot!ion (,f

the radar pla~t fo rmr ;and f dis the resultant DC Cpple r fr'eque'ncy. Tar gets' -it ith

noI(t i(t parallel to, thre radar platformi and a% itir posit ion in tihe receiver irainbeani

%%ould be at ai0 angle of (,10( and pro~duce a 'LerCC Doppler fr-equency in their radar

ret urIns.

'Ia rve(ts i hum maited iby thre ra inbeair and prrodurcing nC~/''CD~ipfler fre-

qirenci's a re, rC)IIC Ca II ouI e rirnprarallkel tCC thrat C)f tire radar platforrm; ltt'n(e

theY poCsess radrcal v.eci'jt iesa .ith r'espi'et toC the radlar platformr. ApClC(a

arCises 'Ahlien 1'C'UndCl cUtter' pC()sse(ss(,s a radial velCwity. a itli res pert tC the nir vi ng

radar rii r T h is is t rute Cf grr,und Clutter rc'((Iei through tihe rice rye

antenna s~rlb'

T'I' IlIIrst 1:iIr'. thIIis !II'ttte r, assumre that tir I r(a 1 l a r plIat f( rr 1 C) SSe5SSeS ai fi:'-

'A itr '.t'Icrt. Ilriili'S fa'IrCCLr (r111p1r) (80 nmete's per s(''rd (rrr s)). A sig-

rnal is ht':ri 'cr'ivdr in an antenna sideirch frC rc a largt' Cath )Cd gr(und clutter

at a hearmnr4 (,I I ''2i!ICI\ C;C fromt the radar platfCwr'ra CCCi'r' hc'iditcg. Tlhe rerturn

signal pCCA i' Cl he larvge and detectable abCv(' the radar sx'sterrs rmrimuni

CIIIrer'rr-ililt signial Ine. r addition, tire sidelobe signal l(,rprler a Culd be

14 !n s X. I Cr ai radar %avelerrgthi Ci' 1. 8 ft (0. rc; Cr 3,-00 M]lll), tire DoCppler

Cr''queflcy C the r'etur'n WC(tild he 23.3 li',, indicatingY a tarvct t:wC'.rnmi',a frrom

the rzadar latirirar a itir a radial speed (Cf 31.3: mph (14 !rn :).

Thre r'etuirned sigrral Drippler frequency ma. ailsCC he r'ef-i'rrnr'ed tC' r,,dial

vi'I Crit x frC m ther(' rCCing r'ada r platf'ormn a ith the rollIC n rg 'clthu C:

f 2 V
td A

a% h ere( V I'is the apparent target radial v.elCocity. frCwrr tire raC''inC tridar platfCor'm.

A niC~ing target in the nrainbeac rcal' l)ssC'ss the samce radial teC(t''as side-

lr bi' rlutte r:

v V cos 8r C

Surcr a ta r'gr't, r'rrbiddr'rl in foliage, erruld he t r':vc'li a%%w Cr iiC the aida r pthu -

f'Ct''t at :3 1. 3 mcphc ( 14 ni T) he rcur-si' CCIr tii c:ic)'ira'2' C~l~i

front thalt Cf the radaLr pLaIt fC r'ln, 'vitir ae, 'CiCCt., 0' iprnf'x i aim1t I' n-1,11~f

(14. 2 ttC S) C fl its Wair 'CCS'



Examining the two eases illustrated above highlights the problem from the

radar reception standpoint. With reception of clutter alone, an erroneous detec-

tion of a target may be made. With the reception of the discrete clutter at a

bearing from tlw radar line of travel of 950, and the simultaneous presence of

the moving t l-.get in the receive antenna mainbeam, detection of the mainbeam

target is fendered a difficult if not impossible task. Figure 1 illustrates the

situation of clutter at 95o and the above target on a course 800 from that of the

radar platform.
One possible answer to this sidelobe clutter problem is the use of a narrow-

beam, low-sidelobe high-gain antenna. Unfortunately, this approach suffers

from physical unmanagability. The radar operating frequencies that afford good
2

foliage penetration performance lie well below 900 MHz. The antenna apertures

required to realize a narrow mainbeam become prohibitively large at these opti-

mum foliage penetration frequencies, and would result in an antenna size

physically unmanageable in a side-looking airborne configuration.

One approach to the solution of the Doppler clutter problem is the use of

antenna receive-pattern nulls placed or stirred such that the interfering clutter

is attenuated. This technique could be used in conjunction with mainbeam target

Doppler filtering to reveal the presence or absence of a tactical target in the

mainbeam. It is for the investigation of this antenna null filtering technique that

the Null Filter Mobile Radar (NFAIRAD) project has been conducted.

NFMRAD is a proof-of-concept investigation, In any proof-of-concept pro-

gram, economy of performance in the attainment of new information is important.

To this end NFMIRAD has been designed. Hardware design in both the areas of

radio frequency and digital signal processing technology has been directed toward

implementation of one antenna null and one Doppler filter with a similar design

of processing software.

Rather than implementing NFMRAD in a costly airframe design, a truck-

based moving platform has been used. This NFMRAD configuration is similar

to that of a side-looking Airborne Moving Target Indicator (ANITI) on a moving

platform. The moving system may be field tested against another moving target

(truck), greatly simplifying field testing while addressing the objective of the

most economic experimental investigation possible. Additionally, facility exists

in the design for comparison of NF1IRAD performance to that of conventional

standoff, side-looking AMTI without the null filtering capability.

NFM[RAD, as an experimental system, has been implemented in X-band. In

keeping with constraints of simplicity and economy, the X-band implementation

2. Brown, I)r. Gary S., and Curry, William J. (1979) An Analytical Study oif

Wave Propagation Through Foliage, IRADC-TR-79-3.9.

13
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bandpass and bandstllp filters together w ith null c.,777rI 777it I l, o, I.-ti 777,777:

a rray patte rn to reduce clutter return when d1etect inu~ :, 7:, 71I 1,17~i t- Is r71 71 7N

relative to) the gro(und. loir a radar moving with7 v~lit>-i- :1 t-. 7.I. V! L O

there is a simple relationship between the clutter IJjiple? r I , u o. I, I 7

and the azimuth angle () given by the formlula

where X is the wavelength Iof the trnansmnittedl frequency ain, N is mczisured r(l crk -

wise relative to the direct ion o1f mot ion (of the NFI Al) plo? f. rtv. 11.y m7eans lf

this relationship, all Doppler filter pluts het%%ven the maximun00 17777 77777777777

clutter Doppler frequency shifts (2 X and -2L u X) can he exhihited7 as furlct ios ,f

azimuth angle 0, rather- than clutter MI~fler rre'qu.'ncv, shift. Th r,,uih,ut thlis

report, we will assume that the clutter (list rihut i 'n is 17777r f n I t7717 Thet I). pple r

filter patterns in 0 thus represent the clutter distribution as modified by the filters.

The NFM HADI s 'ystemn converts t o haseband, using i nphase and quadl aturcc

mixifng. The rerei ved signal thus pr~ressed7 will ront ain only the( D) p171cc fiv'-

quency shifts; these will he posit iv-' (,r negative aecording t,, %%lheth,' r the 7,1)1cS

producing the reflected signals are approaching4 I t, teceding relative toI the radar.

Disc riminat ion between these t a II rases is pII5 i hI e because 1>17) inpha se andl

quadrature information is present. TrO Iuanitit 177ivelyN ni7elasure 7t7, frequencY sift's

and hence the relative velocities, handpass filters rouit he les i L'nd thtat c-an

measure both pos it ive and~ negat ive frequenes and. dist7ingu ish he? wee n t)7e77. At7

the same timie, to disrctitonate agai77st slanals dune 71, grimuild clutter, it is
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f'O ieO Pr'('e t c'ase. It is (1 lm tI'TjstA ,I' tis AjIt111i111111 1(Itt(''Tn that It ;1~ A 11111

f (-V I,, Im"" the' a n gu Ia f SA'itol. %, flTAA5(' cI ut feT yAplcuI-'In inftiT I (I it te tm5S:isk I
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and vice versa.
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Fable 1. NFAIRAI.)/ANITI System Characteristics Summary ((ont.

A! 1) Conversion

Number of Range Cells 1 G

Sampling Rate 4 11iz (266 ns per range cell)

Interval per Range Cell 131 ft (40 m)

8-bit Conversion Rate 10 MHz

RIF Noise I.evel as a Function of Receiver' Sensitivity

Number or Mantissa Bits
IF Attenuation Consumed by RF Noise

(Mt Average worst
Value Case

0 4 5
6 3 4

12 2 3
1 1 2

24 0 1
30 0 0
3 G 0 0
42 0 0

Swit-'hing noise on the A /D boards consumes one mantissa bit, independent
of IF attenuation. A combination of 1F and switching noise yields the
following:

Number of Mantissa Bits
IF Attenuation Consumed by REF and Switching Noise

dB Average Worst
Value Case

0 4 5
6 3 4

12 2 3
18 1 2
24 1 1
30 1 1
36 1 1

42 1 1

A rray Processor

6 asyncronous microprocessors

32-bit word

3 memory buses

Performs real-time beam formation and Doppler filtering for

NFMRAD and AMTI processing

1 Doppler filter implemented

3 dB Doppler filter passband -238. 6 lIz to -401. 5 lix
(diverging case)

Angular sector of clutter in 105. 1" to 1160 (diverging case)
Doppler filter passb ,-'
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Table 1. NFMRAD/AMTI System Characteristics Summary (Cont.

Minicomputer

Memory 32 K interleaved core
4 K bipolar

Cycle Time 100 ns

Word Length 16 bits

Performs real-time detection processing, data storage and
display functions

Recorded Data Display Filtered NFMRAD and AMTI
(Table 12) data recorded voltage ampli-

tude or detection output as a
function of range cell

2.3 Theoretical Investigations Relative to the NFMRAD Experiment

2.3.1 THE NFMRAD EXPERIMENT

The following parameters and specifications are pertinent to the NFMRAD

truck experiment:

Radar Van and Target Parameters

Truck velocity 32.7 mph (14. 6 m/s)

Target velocity 4.4 mph (15.4 m/s)

Target velocity relative to truck = 11.2 mph diverging (5.02 m/s)

Target bearing relative to truck = 900 (constantly broadside)

Target Doppler Frequency = -315 Hz (diverging case)

Angle between truck track and target track - 190

Angle at which clutter return has target Doppler frequency = 110. 120
(diverging case)

The layout of the tracks for the radar van and the target is shown in Figure 6.
This is a constant-bearing diverging case and ideally results in constant relative
velocity and therefore constant target Doppler. However, experimental errors in

truck and target velocities and in relative bearing will be present. As the experi-

ments are performed using just one Doppler filter, it is necessary that the filter

passband be wide enough to accommodate the anticipated experimental errors.

A constant-bearing converging experiment is generated by reversing the
directions of the target velocity and truck velocity. For this case, the target

Doppler frequency changes sign to +315 Hz, and the Doppler filter is designed with

its passband centered on this frequency.
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thle figli re f Imerit w ilIl he reducc d.
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inl thet iee vet. Sy-stetit at t ho-vel 48t 1,, A0 ol)t li ti pcak ,f tile ,ptmhinr
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DELAY TIME FIRST
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SECON~D STAGE
FIRING TIME 

6n

FINAL RF PULSE
TDANTEN*NA

(L AD N ANID TR AUNG EDGE
IPOR CHE EXAGERATED)

Figure 12, Timing Diagram: T ranslo it Pulse Format ion

far la rge r than the voltage necessary for diode switch tu (non. YJhis msuo pvccO5110is,

and rt-iiable operation of the diode switches. Figure 13 is a schematic of tlte m10icv-

wave diode switch fi ring circuitry. The quad-Nand gate and inve rter (1-1-1 dovicesi)
diigthe switch driver add minor delays in the Crng(ftesNthdies

These mtinor delays have been compensated for in the design o~f the fi ringo eici 1i r.

The second sw itch also attenuates noise generated by' the TWTA during the

interpulse period. The characteristics of the Hughes X'127711 TWTA are such that

1 mkV of white nolise is rcont inuolusly generat ed across its bandwidth, in the absence

(If input signal. With the second switch turned (1ff during the interpulse period,

white noise is reduced to a level oIf at least -4.51 nm. This, combined wkith the

-6.5i dB coupling figure from transmit tol receive antennas, prevents subsequent

Jammsing (if the receiver during the interpulse periold.
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Pit, fil,l~ os d. 41-Gll-/ siwral1 i:us, toih ,lir 1 i

,cltioel sta"ut vied i tirnal peak sIgaL~n po~ker of, ., m%\' rmaxiunir )nr-diw at Iie

wItiplifier input. The maximium safe peri-nissibi, driving poI, er f( : 'this T%\ I fn

at ieir (Hughes, mode( 1 X127711) is 0. 1;mW. This mIva' 1h, achieved by d.jsitL! h

Va1 Milk' attenuator (aIdjutmetnt ,ocatcd on the tr'arismittcr 1wr. ;cnt ta)t"

settiag Ii-a 2 tif3. With 0. '; nW of drive power, the- ITT amplifier outpul po.. ert

is 22. 7) W.

( otnu, usix variable transmiritterc powver is a vailable in twvo pokwe r ranges. ti1

the lov :; ange (0-5 mV,), the T\\.A is sw itchedl out of the , ir(-uit hrtwo nca nuo I

ear ecuide swk itcrhes, inc preceding and one fol low ing tilte TWATA. )u rini, lo-w - range

ope rati rn, the variable attenuator, prteceding the TWTA, a ffords cont inuo us adjust -

ment I t ransrilit powker passing, lhrouu the paralll %W avegui de t ransi ssionl path.

Wiitht the TWTA into the- -ircuit, the sane variable attenuator is used to continut usir

viyt ransTnit out put nov er from I oW to 22. 5 \V through va riotion J TWTA input

power. Figure 14 is the measured gain rhararteristir oif this par-ticular TWTA.

In order to protect the TWVTA from reflected nev. er, a -1(; dB isolator hips been

installed between the amipl ifier output and the ca veguide sw itch folloa ing the nirph -

i er. T~his protects tire TWTA during manual wave -uide saw itch operation and dur-

ing the second mric row ave pin diode switch oiff t inie.

2?'4 9. -

'4 49CdB Gi tv

51 3d8B IN,

~' 54d6

0
000, 0004 0 0 0074 01 025 10

INPA' POWER (,~l

Figure 14. TWTA Gain Characteristir

:3. 1, 5 TRANSMIIT ANTENNA

The transmit radiator is a sinmple sectorial horn situated direc-t]~ aove the

rereive horn arraY and polo iized in the horizontal di rection (1] -plane yeri ia]).

The horn aperture has an 1- -plane dimension (of 3. 3 in. (8..3 cm) and an 11-pt one

4:3



dimension of 8.3 in. (21.2 cm). The H-plane taper length is 18. 7 in. (47. 5 (m),

with an E-plane taper length of 19. 5 in. (49. 5 cm). These dimensions yield a

theoretical gain of approximately 20.3 dB. Figure 15 illustrates the transmit horn.

3 \

Figure 15. Transmitter Horn

Given the above horn aperture dimensions and uniform aperture excitation in

the E-plane and cosine aperture excitation in the H-plane (TE0 1 mode excitation

of waveguide feeding a flared horn), the theoretical azimuth 3-dB beamwidth is

approximately 19.30, and the theoretical elevation 3-dB beamwidth is 10.30. The

theoretical azimuth mainlobe beamwidth is approximately 440, and the theoretical

elevation main lobe beamwidth is approximately 25. 80. It is the azimuth direc-

tivity pattern which is of interest here, although the elevation directivity pattern

determines the multipath characteristics of the system. Figure 16; compares the

theoretical and experimental transmit directivity patterns, while Figure 17 illus-

trates the experimental elevation directivity pattern.

It is important to note that coupling between the transmit horn aperture and the,

aperture of any given receive antenna element aperture (located directly below the

transmit horn) is approximately -65 dB. This coupling of transmitted power inl

the receive antenna element apertures results in the characteristic main band

video at the start of range timing.
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325 Mx EIN BRIGE CZ ACAO MPLIFIE

AUI OSCILATO I~ ~ 22

0003,

BA ANCE

DOUBLE SIGAL.AGEDATOR

3.1.7M SUMAR -F TRNSITE ST'2UIICA]O
a. Freuency Iurce

Spurius: 60 d60(mm
Supply: +2 T dAC at IA-

Freqency 180 M Dopo.05 ercret iut,

Powetr: 200 m\ (min) t 1IV ax, (tyicll 350ni.)

Sparionis: -0 cBc (in)

Suppl: +2 V dcat 47



I ueiv I2 IiI I~s I s:1 1 ,IIv '1 1

Amtplitude: t \ilk .v. 81 V 1,:kI. :.I k

Supptly: ±1-1 V h1,

F.PUlse' ( an1:1CteIStIiS (PIulC (;ilvi iiII A, 'll

1. Pulse Goerirttrd 0', i Iist MIur\ I r H'\ I)I-I >f. it 11

I. rcqueih\ : 9.3 GH7 l/

Prf: I .)31 fiz

Pulse Hise Time: I- ns

Pulse Fall Uime: 7 ns

2. Pulse (ha racterist jes a e r Fiutcre up

Frequency: 9~.41 Clii

Prf 1831 lii

Pulse Width: :320 uis

Pulse HIise Time: 100 u1s

Pulse Fall lime: 100 uls

3. Pulse Characteristics alfter Anuplrfication and Acturni (. SecOL.'1
Alhcrmwave PIN Diode Switch

Vrequerrcv: 9.41 Clii-

Prf 18:31 If/

Pulse Wijdth: 266i us

Pulse IIise Time: 1; ns

Putse Fall ITine: 8 us

lecading and "Iailingd_ eporche~is tno greatclr thart) :0 its In ua
arid at least -3 f; dil3 helea pilse pea)k pi-n ee.

Irair1sinittel. FInIssicnII (hararteristies

1. Ssgnal (Pulsed (WV)

Frequency: 9.41 ClIiz

prf: 18:3 1 If/

Pt ulse Widthr: 2(;( iis

Pulse 13ise, T ime: ; uis

Pulse Fall Time.: 83 its

lecupied B~andwidth: GO Mll/i (apprtux. I

Alaiximrumt Peak l'e:22.57 '

lDutv vee 0. 04 prcet

Slruvinus: -40 d11e ririrrurn
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titernga the- sebomai't in Fiiurf 2*i, thn i.xi.41 -Glk i,

mixed with the I_() :i-Gllt IA t(, prol, . ai 60-\MLl , aa, .iira'

0IIF). Fhe 11F signal is then ir-oplificd. Thel(se t .steps "Irt ii ii(d

unit (HUG Mi(del MM 83-12 12A mixet rrav.i 'F). 1.(- is !,,Ia

t'onl the prinil iv (W. 35 GIL1) tiansmittcr si _nmil Sni. l,,er rra 'ltia4IaN

S. Urce i's ti'ulled at a level.] dB11 belak its nWpul aa ~s ml

(meagain divided, e iLpt A xs(thriuhl at Mlrirrt~ illi 'ijlAava ek d(lii!

'iledel Numlber PDM 82-l0C), and nf (-:t I t the rth pativid-ititilt

supplied to the mixing stae, if each 4) the e.ialt r-eievi I !

1x-pieallY, the Itrwraalbe9ei ftete-lixi-I Cent end !a .\ers IS

I1I niX'. )r, 10. 4 d~int. ala( mixer [u-camp r"(111 res:, a, 183 il'l - It.-a

' riet deipe~ndahie tingim, and an It in~ieet ion level i- i,1S 2 , dlir~i A III s

darn age t the doub e ha laneed mixer i ilt e em' (j 'ul aIt in)T pr-. nit S Stu a1 :Til a111 1

m-.ixing I!.( suppi-eSSed a riinu mi it 20 d1I tIl... lhi t. -;O-Alll.- I IL211ita.

lb-II' bandw idth ,.f the mixer 'prearn is 54 Gl, i. w -. eI :it 10 dli .'1 lI I

band~t-idth is tvypicallIx- 19 NIfl. ,-.ntcred ;it 60 Ml. 'I'll ni. Is, aIn f i -' I IIt

:1tuxer' lirenip Is tlyIiriAI."x 11 tIP1. \Iix pr(Iea p PtI f'. 11' Linit Sp-. 'I. (I I"

M0 lB 71i imi utu. WXithI ts St. a-i Ihe Ci ttt 1 -f il sun -n'-



! 2 1~VII *AI (A I 1

-t h, h, 1 1 :Al 1 11!: A I IwAq III l I l N 11.1 1

IS -11:1, (',llA I I 1, " ill A !itt,(- . ( A . ':.

A''l ISU lA ''' :m ' w ', il l'U! * ' '

Tfw divi. , -rA p-A Il v~l i t, chzin mA-l I A~ll - Ii j IZ11 11 1 1 i1i

-ttr, s Vstcm ( I iiI Ak nVilNA 11 TI:) I A I A I o pp Ad c, m t 1 1!

-N.' iA IA I I TlA 'Iht UU itnalAA rl 1212v.d l 11 It- i- :A! i
1

1 1'AI zitl fi i ANI !AA, lx lI

tis 'Al i)Ad'A nipII Ih SAttl .t'C'i t AN., d 1' I' hIf aAl.'A1 A ;dCA~IA t 'Impl 11N I 1

tI N t ACN* INUIANI tAIA',t'A' A- A A A N 'CQ N 'N* 'lN If~ll IAAtAAAA



zufetit tt it t1 cItliAIi 's I in ,:I(If r t h(. I t i lt r i eultt r -t' i p1.1 c tnn II

I .' 6as ft .2 ' i a), i) !t ( 10". 7 ni) ~f HG-ti8 pr tv 11( the fl('I'ssaitv 01.tO

dit'li\ . liha t'vti :i Crs~ird ppli tiq l1l) ss is ;Isswi:t'd a% ith this 36o ftl

( 109. 7 iii) dIIo iiiit\int. Ie , i -t , the fit- the iga is plefampli -

fied trih .t inst-It,1 iii i the. de-I~t 1l1te.

Ill tIhijttti te f'~iitile i-iA Atiii tttflLIt'5, the 1i-hit s'A itehing Cd.' is

11T.et' sse'i nid prIV ide'd t Hti l \'steii,5 Itiie intt'rfaiee. This ithlfimt ('i tit's

IIt -timne vAin's ('r 'ei.vt' swignl level. In this fasin, Ithe i d't'- niiitud4tli

the fit, e rctived sig iilifictds ar, presei Ved Cf o Inte'. atrlust nt'nt f flt-e digjt it'd

I in'ar c'hanne'l iutputts.

Tho, Irlpliifit't 4J th' ef-iv id signTlil It' Lal tntd is ;i'taillishe'

tlr'IL~hi :I igi tititlritillaipiifie'i. Tht' signal is araplih4 ,it'nd the l1ltat'ithmict valiue

,'he~ signal lt'vil is sampled and ettnvei'ttd to the 4-lit diEgital Ampilitidi' ('tlit.

I his t'nAhlts ti i se, Jf a 4-bit ala~gtIdgtii ntli''f(r the fir'st step in

i2't':itatir the .)-bit attt'n-itit' switchting i'Ililtllniis. lT'e use If lineat' alil-

fltil %%tuld requite thle use 4d an anahitg-t~l-igitAt i'Ifvetttl (f muich gr'eattet

thitn 4 bits I4dnnelag' tnftlntt'lx, thit' r'equi red t'ilnvel'sitln speeds

'tlnsti'ain tlis powtion of thit design to A,11) cInv(,t't's ,f 8-bits capacitY w~t less.

The c(lic i'J f i 4-bit A 'D cltnvet'ter also) simplifies flte design t f conlversiion irigir'

i)vt'e gt'e i'atittn a i ttenuatt w switchingz c~tiiniands as welil as the digtital amplitude

nf, rillat I n f(It' lateI'r digital pitie ssing Ifr tht' received signals.

Aiapliifie rs flltw ing and prneeding the s\N itchable attenuators in each channei

set-i've as i si at .on aminp1lifie'rs. ihe attenuat IIIs, during switching, are mii sinatc hed

t ec 7)0-[Q delayv lines. In l(the to isitiate reflected spuri US pt wet' during atten -

uatl 'I switching, a stage of IF ampli ficat ion has be('n inserted pr'iotr tio the attenult-

t, lt'5. In addiitin, at stagt' ttf IF' ampli ificatitin foliow ing the attenuatttr isttlates the

atismiatc'h frtti the input itf the I and Ci inixers in each channel. These amplifiers

151 rImi pensate ft)r coi tpitntnt insert ion 1)s ses th roughotut thle receiver s ist em its

wxell ats trttvide the r'equirted syvsteml gain.

Without the influence it f tis gain' -tr t si'stein, thle dvnatnic range otf the
recivr p1' 'hnni iti s w nd e ln\'48dY This is derived from thle 8 bits

f, A I) ('t~tvv' sin rapa'it ftitithet' thei I or (Q fdstf tile eight channeis. iEa ch

t(ggLiLng fr a hit in the A /D t'lve't'' ct'espttnds too a doubling in signal lt'vel.

Ilittie 8 hits ttf cttnvt'tsi,,n miultipliied hi'. ii dili (of signa, l x'ynanii' range per bit

yields 481 dli ')f dYnm it' t;itngt'.

iii' ; ',Its t'xtt'nd tfis, tivnamic lunge i' 42 tim f.,,, ' tiltal litteat di'naia ie

r'Itnge If ft (]i,. v' attt'nuatIui- leilits ;it flit' It I f ii Itt''Mpe step (I'r dli 1t't bit
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The output data train is conibined %%ith a1 i-hit hase 2 r.Xpotit atnd dfir.rc

through formiat conversion hiardware to insure radar data forriiat <~cpt hlt

with that of' the array protcessor. Details ,f' the f'ormat coniversiron haida a re a

discussed in Section 4. 5.

4.4. 1 MIANTIISSA 131'FEV

Radar digital data is stored in shift register menh(ry d urir T the infritrrjo1.e

period until the radar initiates an array processor input cyl.The shi I ll

memotry may be visualized as a data matrix built of 8-bit word r-Ienirrts. Fhr

eight-channel receiver outputs an inphase and quadrature anialog iio etper

channel. Sixteen analog range samples are taken at 2f;7-ns inevl;th ereihir

the data matrix is organized by row %%ith regard to range cells and 1).N c i111n ,k ithI

respect to channels. A data matrix is loaded into shi ft reg ate r mti n)I ry il . n

every transmitted pulse. An I and Q 8-bit %kord is li,aded fo(r 8i chainni Is and It

range cells, generalting a miatrcix of' I U ranage cell row,%s aind 8 comiplex channelI

columns (25Gt 8-bit words). The mantissa buffer- showtn iii Fi gore 10 UtaInpu alt

data from Datel 8-hit A /D converters. The outpttt the datai hiff. I. is- diret d

into an array processor via Form at ( onve es in I ,gi i

Mantissa Buffer

Column 1 Column 2 . . .. Column 8

Channel 1 Channel 2 Channel 8

Inphase Quadrature Iriphase Quadrature .. Inphase Quadrature.

ROW 1
RANGE 8bit] 8 bi F8i 8bit . . .. 8bit]
BIN 1

ROW 2
RANGE F8-b-it 1 8bit 8-bit F8bit] .... F8bit F8bi t
BIN 2

ROW 16 ,

RA NGE 88 bit 8] bit b, bit .... F8 , t F b~it
BIN 16

igu re 30. Hadar Recerver M~anrtissa flurftcr (27)1; tt-flit Wi .rds)

71
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ic iiivi-l ti -i tlst l' :itm tii- tr IF- siL'iiZl S1ui-sssJlimii C\li !i Ill s-1 sm rlt

I I I III I I II I 1 2u it x -l rIll '!I ; I S i ' ll ft I , Ill -li' t Itt' I , I I I S I 1

1 I t S ll '.. :1p tcism iol I. . c-l u IA t 1. I t it1 c foI o11v I w:iot1i.ol\k , I

2I-S qlli t A I IN s I i-li. :hi/i- 1 c I i I I- '' mt; Is-. I

Ii- -i, it h' ti -it A - s iD .ttIt I s- . i 1m i l,- i Ii -s iitt s,. .4 II :'1 1 "1t

'r~ I , ' 'It Ii t.-i I ' 1 t 1 1 1 t ' I I ''i

-\lili-tu lii i-v I-i' -uh Wi:, 'ii 1''-inn 1 I-'tuisl i i- iti i

n'l t iii ( ' Ip t il l l 11 1('Il ., : Il h



I 1) 1 110 :0 (1 '1 ' N>1 :1

''' > Il l, AT 1)i 8il.i

I'd i-6 D O I A I ITT if I'

D :11'.1 Aini I 'i.L I DTi l~ LTT~ I 'i'

-1. 27 1 1 1 1 1 1 1 1

-I. 'Ml 1 0 i 0 i 0 U 0 1)

2 1 11 1 V : Fl ) 11 1 1 1'j I I I I I I I A V

4..'.> ~ Jfl~j '\\'Vi'I'L\L HI S M " ['()..II Aiz\ LI'\I\I '\LL>.'

hLi A' M (,- I A1G I ALI'I I It LIt'or!\L 5 \ I I I

iT) .. ' (IT iiT i Ts I 'ls '. I ( , T . I'T!K 1.IlI7. '

1,W 1 10 11.1''N-ii( 11 !. , V I , I!, hlT 7 1,- T!'I T1 I I-i T Iii ' ii i T l It li' I''

TA' ''T ''T l T.s I) 11: T1 11~' it 11 lii'T. 'N'','! I'll. P

I ''l ' s-'1 i.'' 11i(0 iIi ktiTT 7 iil Ti T sIA , '' li i l 0S I'' ' I'~ T I'

I Vf ' 'I ''.T ' I TT~i i, 'Ti Li '11T 1 Li, A IL .
1
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'':ibl 7. Sign 1lagliitudcn F,,rf ii t

I IIput F|.' rl I at ( m) ver'sit ,II',, fI r i t , - .'. - ,!I

" ,t a ge InIpIt ii' - St :I L I itI qit
(v,,Its) I ri vc rt'd ()f'fst 1 ] i I .I rv" Nip I I J!I 1 1ui , ft

lit I ( l sit lI IIll sil , 1i

7 5 5 4 3 2 1 0 7 , 1 ' A 1 H
M I. S AI P
S S .,
11 IB (H I 1;

7 6 5 4 ; 1 0 7  1;. t . A

-1.270 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

-1). k40 1 1 0 0 0 0 0 0 l 1 0 0 0 0 ( )

-0.010 1 0 0 0 0 0 0 1 1 0 0 0 0 1 C 1

0.000 1 0 0 0 0 0 00 1 0 0 000 H

+0.010 0 1 1 1 1 1 1 1 0 0 0 H 0 ( H 1

0. G40 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0

+1.270 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1

+1.280 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

Vsniag (-1) 7 (10 inV) 21 (1)
i 0

where

Vsrnag input voltagi to 8-bit A D

ni G, n 5  i n 0  binary data bits

I' 7  sign bit

4. 5. 3 8-BIT SIGN '7MAGNITFI .; MANTISSA W\Ill P( )SITIVI: :A-B!T
BlASI 2 I,-AP()NI'NT NVIiIN T( i' B ,-liT v )iIM;
1'()INT F(I (MAT IT'i BASiE 1; IiP( NENT

lhe 12-bit rldar ul?; wordil is dcfilw' d as sli,,,il ii "l h i I , il,,ilu h, , i -

binati(n J sign iagiitud 'itial : d psitive i lsc 2 i\I ,iuil T . h A 1) ililnit

v" iiiage expliv'sS 'I (as s(i-tit nt pu t ;0' "1 11 1 iiLisit tlth' I. i't'.t" I V ' 1 1!,1;1
a f[te rt c'(m lb ii ti',t ,,tii t;l ' Xlll 2 'lt Ili 1 -t w 'll 1 li , % \ '1 " :,1 , 8t 1., 1 it 1t,

Kq. (2).

7.1
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d 1.I d I I ,II St I.

Ili., ~ ~ 1'~ 0 'Il, D

11 \ , 0. (S 01 til i

.'i2, -1.o2.

2' 1' 02' P 01

1l1, .12 Ilex dligits cimveikd Ia hase 10.

113' 11 x (Ii i t n% it h lSB1 del vted ( 1-eotAt h hli b set 10.

Blt it t9aftw a gutitent s of Eq~. (A) arc. dt l'inl(i in TIabl, f9.

T(able 9. MAP Pase 1f; loutitji-t 1'ttint 1alt-%Vd FVrnat

Bijt PositionI

1. 14 1 1)1 2 1 1 10 1 () I T 4 A 2 1 0

S S 1

11; 1

111 1 1 It 8 It7 9t 11 I 4 A 2 11 0 A "2 "1 "0

I;n i s II

I t ~ t l f itstt Ix o ~

V(lot A*(2 V,



(1 iV)(2 )(-I) 1 "1G

zi , 1, 1 1 1kf I i

IK~~J ~ ~ sit ,f 4 I \ - IllP t p t Lit-it A ) Inpul t Ut I p lll. \ I

v ill h :I t( 7 (10 1i V') (1 ;N Ik

- (4x 2 l2x x 0 ) 16

Fl-It i Ill (4) i s its(-l fu I % en I--1sIt I i.!P A f) \-( It t iP0111 1 sl-e' . -i t I,7ifA1A\ I

%v)IafelsIvtn 11SC(1 ill )lse sIn.lqtissn (4) mi i ls(s 1,e used i, ia

A 1) line-ar (lII itiln hy insnt-inip thait th- inpultit ip ui ns

4. 5.4 N IIMAl/.ATlO N ()F: Ii-IlT 1l l( sA~lN(; 'l() FN %% M)

The Isi-bit data wised is nwimlised in) f(,uar Insulnti'i Ill - 0 (ssnlsss Ill

112, and H31 0). it, he~x shirts ale le sI sI-n-aia ii PVei.-Nf X.-

fleft is dee tementod aeesedijnlv.

9.6 1n put /( htt tit Sc-roll (10( S ) Infer) -ave

Discussilt 0, tin- It) i nte~ft-r %%ill 1w lie Islped jiii ii VU)il:s :,1l

e(ntt l.1 irtifaee harid\%ai-&. Ani event timitqL ss-,iis pr". etehd \%till Tic 5

t, RIADARI l( S hnndshaike rontrli -sipnals. lilt -I-fast-kteI , iisI'A

inl additirn t, detaiiled 'isusessnsn eeif sl-slinp seal-time (1:itss s1:stmd nl:)it, );t.

t-itI- iatt-s rcealiid alI-t slsetdirs the kit;,I 1,dfle lsiirt-asni mii . 1,

iffisldointed is sisenss-il. ;Idair da tal is traitrIlti d '1 111 lie Ia 1;1ta1 51-lavap-

bliffeel thessupLIQ1 I''fin U,1-'l -SIOsn l 111ie lii t In1 aim i ; IN 55I tire) : ,it d

f til lla iintteif~te haIf) (M)

4.1;.1 1hi'-BIT NiHMAil/:D 1- 1, fAllx(; P(Ni '\ fill THA \S1I HR
FRli 1\ I A IAJ I AT I- iIl:TEI , VAL

Reit-tiissi rallor qwr. ItismA VlstI' 1ints I-f-spil -i- Ail siuptisi Il l t5i)LU oldit)~

tI zitnstto.-; bs lc , tts 1iii l I it n sn- d i1) t, n t lit , , s- Issl"I. 1)at1: 1 l~ It! -st- si ,

hiis t,, ili-ijit iai f f pn;i pr- iti '111 li Ila: t 1( 111- f Ittis a- ts)l -

v'slsl Jispic lelIH/n a l;-Iit IA~~ , 11 \a i. i- n sill s Ni-isIN ti. '0 "

120 Li is neeoded fn-f i-hit AIA 1)' lull illr Il~tis (z 2 4 4,, 1- i a 12i NIA\ P



The trir: .\ pr~ k- - M ( S I 1 -fici. 11 i f r III, I i'11 1li' I; j

th T I i r i milt I 2" (1:) tr t I it 1 I -~ w( wo II. I ~ st r U I II I" iii 1

RA. t (( t si .' ' 4( t.. h. !..

the i I in _, ,l It '.t. i , ~ ) I-, ) Id txp ) 'l 1

W hen thc miiiti.;s~izin hab'rs lj lil'-d -. 0
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A ,~ Ii I%, Iitt

I A I'.*I : F Iar I t I I NsI At t lIri sIb I t~I)

I~~~i NVAI III I I I I I II III1 I I I 5 t Fi!1(

Ibs- I- II A I I I I

VIt sI~Il:vi;5.

I I IaF I I

sit v ItI'Sdt

IIqtr ~s-s n iti rltI I l

nItI IIs C(, I I it !. Ii

Itl' S I .

I FI I N N.IA P' I(S int v'n,,k ,tt -,' I Idar Is t MIA P (II!t

S sl1is IS halts-b.

.4 . I, I DA FA SIAIH1, I\II'AI7,

lIr(t,- (1ittla -Ozalis Iitn,-s :IT'(, Ittsvrldt-r liti(II.-i radiar (ssnttI to Irflsdisnst Fa Tli Irttj-

II', N I:\"M RA I I ), qylI--r11' Wi s'; S iIL! Vttti I-cs ZI c, lista llt I itrm 1 la:1 ss f''tt n i l n rs

I dajta it', -kil; fit, I I'Fssr, i Ifi , (SS (d, lItII' pullS, (Idi ; I s up~ (111 riinc ;Ic a it 's l ''-tt IS-it' s-

lllj I Tit ,'r[,,; I I [Tt, Ic 'rlsI. I I tiet, ii-a', pl W' ss'i V5-i ttrqiit res III, r tti s-n11I e inter

Ii~-t Ir-ir Ii In'rt IrItItInIt ist Itt I I I I I' i I fitr I, I I I s s 1W llt','i id f-;lna '-I III hI'

tI i5 s I ts I it Il t t I I I lIT,, i rs t is [taskcdI it I 11t it'i irjil drlt r jit cj' itt ;rnd

:4'Fpon'tmi_! Liti stilis hss MAPI. liRar' tteVli. ]bsL'j tsilstr I iIsleV l' ?'

SI IlIs ;11 1s 1 int -rI IT Ijtt I ssIs, t ,I , I !rI I S i ld s '1( I' riit s, I IzIs trl11s . I t lI I-k I IS r--quI r-

'sa i (V I Iza II' t,-- ;s- 1 *-i 111t lllr 4t1t f I I , Va (Ia I' I III I 1t 1, ti Iss oiv l I datazI, ~t o s1

II, I-'-. I It I I I F. I I I I Irs I Iti Iit s I: : .n t rI I . s I 1 t 1 [' 1 1 1 Is- e
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L.S- 1 :1 cc1 cicctc I-- p ccI citii ccccci , c -t ti c ( Ill ctI i c ( c is I t (NI I I tc-cticc - 5 ic-ct tIc , pt

cliti i s, It- cit- Ic '-:; I)[ m-itcc cccc.-ctc cc :illccccIt S t -ILtcIt'-I V tit II I Z I ' (Ir

cc1. Scic A 1 !1,i .cc A A cII V vci I f N 1 cccl .11I Ncc-- fcilli I:,t c ); t I I Ii I .- ifcU-, I' I

('SSc-c 0cc: I cc cicicr-c, ( i tc (-:cttt1,1 'tIc- 1cc)( cc 1,( ) -I1 cc 1- S ,ctcicI-t cct cI ( I (h - , t'llt 1r c c-i-S

ill,, il cc ict, I icci. IDc-ttc-ticcc I- ccc.( lltc S ci scci-c- ill dc-1:cd ci Sc-t Inot .L.1 -.

xcc lccicc, I tcctlcslicctilcp ;c11ci cliciL1 )sc;isS. I Itt Ic v( fcc -i-rcc-

1.1 c It 1 1 t II it it ill(- fl, -st cittli ('c ut I , cIiic ti ?wcc- i c tc c, it:ird' ccc-i ( I cc - S -

r.. I tscic i )Ic I iccfi it 1 i I c 11 1-t 11t - , ,I Iicttccc.-l ( rccc I~- is c c-ccI - IcII(T;. 1! I

c-d. I ;I cc Ic I I( , cccIcII-c- scc fI c I sc . I usc c (--I ,c : I I- tilcl 1-it 1cc cc

z - c c c - c c 1 cti l - 1 2 1 lic t jI c tI I I s I' c c f i c c c x 1 I r . Ac c c I c A t tc P - 1,0 c 1 l c c t \ c

cx titl'ccr ni. l !t cc cc-c t-c .-ctccc icccl- .r1h ;Icc IcII- ki c Alc- cc I i-- c

- cIx\ ItIcc11 i i- t-Al I- 1-s cicct w-t .ccccc, It(. hlc i -cc -- cccxI, *( c-c - cc cc (xc Icc:,

Vccl I. )ccL c--c c Ic tcccc I I it it 1:1( I.-lc tiiiii' c- clcccc-cl -ccIl ti,.s I A v, 1iccic

\1. cc Ic :I-cs ccc- I I'ci r' Ck.s~ l" r(: -s ccci' t t) tIA

(i ;i- 2(11c[:1ciccl.-ccccccc-c. c-cit' ccc -di.ccc-t.- I'c cc i itc:i 'n.

Ilcl NI- Dli.c (Aliccic,u c I-I I)tcc tcilc Sicicccil) ic- Ic IcIc-cc I I. I c Ii ill"- Ic-cc, vc- I c

1ccccccc cc ccc :0iccc i-cc). Tilt- Ilttc- c1-c !1 t ItIi -i - t;, ic I c . I, -1 tic. , ctitc 1-0 , 1

Icc cc , I c - ccic - cc 1 cc l -. lc i (.1 I c( - c c. I cc-l, I I- cc cc x 'I c- - c- - I

1ccc Ic'cccccl I - Wit Il :1 1c1ccc -- c Ii I-tc- l 1c.- , 1 1r ccc r,~ ccct ccIs c i - -I - -c - Vccc 5.

p ,I I 1c - x 1 0 ci 1i -1: 10 -it 111 .- A c licc-cc I ccI i.' 1 *c1 -c tc c - it 1 1) 1 l will 1 c : 1~c c - ~
- cic, c-cl I- , -Ici cc---------------- II I lc- -St I -t I ,c ,c ct-c - I I i f-

211 1c t I I i ( V cc cc t I 1c 1-1 t c I c cc Ic Ic ccc- Ic I c

c-cl~~~~ I- -cc.tc cc ic - t i-c x cc I I 1t 1c -, 1

cl-cc t~cc.c Itl Ic~cc A i i ctcc I ccc- ( c
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Tlw, (Sl'L 1:lds lilt, All k'xilh itprt_ rzill Ill tr i: I

rzidltrI (Ltl t(ailt l t he2 \iil~t~ l I IL I :, tsf I Ir. tiit AIN 1 ' 1 r , SU: I

,sc n i I'-I( At i s s ih i ndtV ilIl!!,A '

setit %,N'is no Yiix '' lit (lhct ioii~ lzil l:,!'s , di'L \f iiUNIJ Cut, 1

I- i . I,( itui~ tillX ' eit t~ i s s i ' i Ii

Th5 CSP nid ld the ien 1 Eiht % fillL re ld in tt 1 ', 11 Lw' N

\it-xxu USP - -2 )lost The i s it-(e. trltex Liirl i i- e NIN'

:md-1 N(lil it t11111 t:l 2xi t -u Il chs ~rtwl t. Ax N NI i (SI! I x I ''!

is 5 c itSlI . i t he-tii l il t S W td "-i xi usli- li 1\ I III,-,

ninjri 'ir .O w :v lIi lill A~t t I Ii 1'Ii rl.j iti I l
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h Il- I" ) N i. ill,_ (' ( i l Lit cit I ,ix, c x i _,li xxiuh xnit:,~ih i ll

( ;- (I I I I ) I I('N I icU )rs), a A th I , I'Ixi I t( I -, it - 1Ii( -x Ill.' s ' --I I ; )I ' ,zI I -

l '. li - N ,ti' I x The~- (- ll Ixi -x, is t 'I. 1 11 1k il
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(,I." t (11. \%I li th C 11, s llo-I1- 1 il( 1' stx-; (. ,x I% -t i11 1l . IIIM lr
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a. I id I i ai hccymr w avzji I k , (ILI I, il!I I( is rc; t (d~a 1 li11i(. I - zi

11 t t' ~ zi ht' I Lti \ ii rIIt t In \ ' I t I h .% Ia d t I)

b. io ), %% is iunnuirj z, !('\% mirii st'((( ids hI, l d thc I :iLr O l

Ill. puIsta ,I' rada I' (kia! IS r'zi d-ppad).

I fit, I( ) S lt! rte I( I iij uij Z11 (a I 41- i- 'Ii. - a fil I.-;( vl & ' r I~ a it

11, lat Ls zi t'l u s ,-r' 'i a I. ii ((o I ln as a t , , ( S1 II.1, (

a (I.LI \% 1d i i t0 I dI , 11 12 lp!.- Ia'a tnal h s V s\I i

1 ( N I t. bt. 11' 1i- -i u , IIi
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lawaielf-aied byv the A PT' beforec tur-ning off) to iirrce-os:tlortll 65~

raldar. data.

5.4.3 MNA P SOFTWAR lE' ST MODEin-

If the host sends the MNA P a mode word 1 'ss thaltiicv, i( ("),Il'tisr wt-;

test programti that does e r-yNthing the r-eaI-till(, p i,,rr-aml dews except rt- thew iI. r-

to(-I A P dataz t vrns re vs. The NIA 1' B Ls -2 arid I us -31 inlimlY 1io(.,t ionils used ,(

r-Iaav data acev fill Ied instead %N.ith s imIIulIIated.( teost dataC -ioi t he li st I- .liit.. [lIew

,MA P per-formis all calJculations oni this test h1ita. 'Ille MIAPI is tit)\ symnhir bi.dli

I lt datal c '1m1ing horn11 the hlost miachint and a ifl i-un il inch, sh( r. I it -

Thel( Ili st ma zch int, is tasked %%it I s i I IIt i I iirig tilt i vrdoti u1-~ (11 I; It Iii :0l It'IIa S -

t',ivint_, ie( test datai to the 1\IA P for, hewn tri i!iniir nd it-- (re ssuu illh

Sotta' aI re I-( Trst ( )pertIti Mo L A(de, thI)e M IAl I( irks trr th hr i( st frI( i:ld!LIr rhit~k, iniir-trrl-r

dtlr t ,I' tin, oirprr'iirrna stIns rrt thet Thd.,- iiilsiulzrtt-d tr- atan' is lpeiit-i-:rit-d

lIast-il rut siinlt-~k nIZiCEwt aInd clutter' rirrdels. 'ItI( list alulaite-S :I ir t-t %t i

on aI siimuitei tus-tr-uselsis. Ilhit s iifttil't r Shtrt a lo tst cut1[rx !-i lieul

ttransfers thet siinulrted datta into ther MA P. As the MM)I is p irree sinll sifruiilt(

test daita, thel lirrSt also 1wrrres5515 the Sillilatr d it-st rhrit:i Ill a f~lslir i driliticii t''

tli MNA 1'. Whien the hosrt lins crriprh-ttd pl-orc sirii rr ili tt- fst data ;, tl' A) PI

trivs irirri-eSse d resuilts hack trr tlwr 11ist. Tlni lrr)st tur(n1 1ril;t5 ijo 1)tli scl " , 1,

s ii'llilaterl dat a pulse is -aulsiteil Ic thl rt- lrun t urn frri I( tI Iit -MA' Pilld Ilt'(

tr -st Ji-1i-r-s repat unI(,& ,1til halted IY tOW t pt-'iat i.

Flit Sottali lest M wIrl rrt ( :itrini ir I, r c hltr J ,I Irll, irl trr5 Oii

5.5V i'-11t I~rIiihe Ihrdh'ned Inpit

r f lit d 0i j u I i ll. I1 th itl h lti' f I I nW1 i l H1 h I i) I t p i 1 1S I- l .:' 1r- W

rl~~~~ii1,111 1,i (1i it:tii ~ I i- lhi In put - I l utl nlis ireT-.-s hu buff I na,

r )Irr' r- w lll til !rw 0)r :,, 1  tirll .i 1rr It. ,

sh 5. rT), fo lh l - t 11 -ru t-i ' iitI-. '. - u'il1t 1 1 ,r- '0 11 d 11 1:t, 11 ~ r I

Is I4 1rt r 11i it 11. 1 1 b I i 1 ' 1!1 1 1,1 - l., I - . -' 1::-,I tu

I';, ;,It, Il. i. 1w'll I 'V1
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Fq gu rci :0. llarse Plate Shucks

i; 1. 3 LNIiANCI1D H3AD)AR i'AGI;'S

a1. 23. 1 Pickup 'Corner Ref lector Combination Target

The' enlhatice ('CIIT u ii~t iiIze'd tt moving to raet experimients described in

Sect ion Gi* 2. 4 c osi st d of n Ia ra corner reflc'to r mounted on the passenger s idc

of a six-pass 'e r pickup (see igu r'e 42). Thel( corner reflector is depicited in

Fu igt, i 43. A technic ian riding! in the radair t a r'gt vehicle insured that the target

vcirrl %%as prisit jarred broadside- to the radar van as tihe two vehicles traverse

- P~hen a-l "Wik' shwn inl Figure 48. Trhis was accomplished bv
the urse' of a1 bresigirt miunted adjacent to the large target corner reflec'toir. A

spothlt inlltid Zlo thet rad:ri al receive arralv servedasnopil imet

aiid to' ursi'% itir thi' borlsiiht.

K1.'. 2 [it Plot.h lRO*'lcrtr

"Ilre 12-mr. (3(t. i)-cur) square flat Iretal plate shown in F~igure 44 was tr'ipod

vaounted and used '(l tr' s~steor initialization. An riptir'al alignorent procedure insured

liroadside Hl plate positioning. A light siour(e hield adjacent to the rifle scope seeni

in Fl-iUr( 44 was used to instiri broadside flat plate alignment relative to thre rteie

Me':v ae. Th'le expeimoental ayrrut for sYstemr initialization is sirmilar to that

sho wn in figure 471. Approximately 293l ft (89.3 :i n) trom tire radar van, a sricrs

if tr('tal plates canted skyward were dispersed to break up) the specular multi -

Fiathi ciomporrnent. Figure' 45 shows the flat plate 450 ft (137 mi) away' from tire, radar
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Figure 43. Corner Reflector

van used as a target for two-way antenna pattern measurements or for system

initialization. Typically, the flat plate or corner reflector (Section 6. 1. 3. 1) would be

used as a stationary target for antenna pattern measurements or system initializa-

tion. Due to the fact that the corner reflector provided a substantially larger radar

cross section over a broader beanwidth, the corner reflector was used as a target

most often.

6.2 Field Tests

NFMHAD [AMTI} field testing was divided into four separate phases. Phase 1

of field testing yielded two-way antenna patterns for the experimental radar system.

Phase 2 consisted of experimentally verifying Doppler filter performance. A

Doppler filter transfer characteristic was obtained with the radar position hold

constant measuring radar performance for converging and diverging targets tra-

versing the radar main beam. In phase 3, target detection theshold voltacjes were

determined. After irget detection thresholds were established, phase 4 nv ,dv,d
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Figure 44. Flat Plate Reflector

44l,

Figure 45. F.ield site used ror Antenna Pattern Measurements Crop Vivx)
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moving target data collection in an effort tri vsabl ish the probability (J detection

Pt1 for' NFNlI HADI processing and convent i inn AA ITl' processing.

Trhe discussion that fhillows will cia ri fY the expe'rirmental details involved with

generation of the data described above. ('orIdit Ii nS in which the experimental

antenna patterns, filter characteristics, Ia r1pm thr-sh'i Ids, and 11( curveS were

htainmed will be discussed.

21 AIIKASJl?1c1U1:NT I J1 '\-\\ A\ l:\\A P'AT'TERN')

I L2 1 lit I'rr r r , oM f t 11 1 iriteIn'11;I I it t I'nlS

V.' 1i '11 1. lit Ii .% I ('~ri> tried hetfore a f inal

stationaryv, a flat prlat' elctrai nc.'] lit i,'rnlUtft at rstartZrni.lti~r

data was accumulated and stored on tap(-. lvpicialk the, ttirot a vl2" in

azimuth, r'ealigned optically-N with res pect to the raidar van rocciv ear' and

pattern data asrecorded oltape. The cycle wouldrpa rn)0't,10 biim

angle. An antenna pate r'n measurcement ci isumred 4 hi u rs; the re for'. the mleaIsure -

menl scheme was moidi fied. '[he mind ifierd rne'a sor'enent sc'herme irax'. Ied en ,i'iac

the r'eceive ar'ray with respect to aI stat ronaixv jassive, tflr plate or corner reflector.

The modif'ied scheme involved displacrur- the rola n x'nn in a/irrth and holdinir

the reflector stationa rv. Figures 45 and 46 depic t tep' rintal layout it ili'.''.

when transmit cciv p\iIattern~s %%eri' mnsrrd. Thiln': vannd rcc ivt. irnaNv %.eld

adance 2" in nyirenrth arrd stop, piattern da ta a as record' nmgetctp' h

truck woruld then hi'Pe i ioti'orxxand 2', in1C] the' ixiule r'epeated. ThIis nno.ifi'wd

antenina pattern nue:iasur'i'erint scheme' a m asotaith~omt dr'nwha-cks, hiowevven.

Figure 4G1. Fiield Site' User] for Antenna M'li' teasurenments (Side, View%)

Tlhe re was cornce rn the van woiuld miv vi't side thi' he amw idth of the stait ii nn r

reflectrr. A second concern was multipath inte rference dute to the low r'('l('ctir

aInd receiver arraY height. Tlhe terrain river which patter'n dat a was c'ollected oNn s

not flat, which lead to concerrn over vertical beam defltdion -as twi-wal pat t erns

were rmeasur'ed. When advancing the van over rnloerl cind rete, the r'i'tlertor
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height would stay constant; however, as the truck advanced through arc, the rela-

tive height and tilt of the antenna array wcc with respect to the stationary reflector

surface would vary slightly. The reflector illumination would vary due to multipath

lobes formed in the beam; therefore, the pattern measured would ty'pically be a

composite of an antenna pattern generated primarily by radar azimuthal position

but modulated by radar vertical displacement. The passive reflector was located

at a range of approximately 450 ft (137 m). The van was driven in a tight turning arc.

The radar van was displaced radially approximately 10 ft (3 m) from the reflector

as data was collected over azimuth bearing angles of 44 through 13t;o. The receive

array displacement parallel to the reflector was approximately ±17 ft (±5. 2 11)

referenced to broadside of the reflector. Every 8 of arc, the flat plate was

optically aligned and the multipath reflector wall repositioned. Flat plate height

relative to the ground was 4. 5 ft (1. 37 in). Ileight of the receive/transmit antenna

ar ray was 8. 5 ft (2. 57 TT). (When using the corner reflector shown in Figure 43

for making pattern measurements, it was not n icessarv to adjust reflector position

as the radar van advaced through arc. The reflected pow"er variation due to the

van displacement was less than 1 d13. ) The illuminated multipath patch of earth

was masked as seen in Figure 45. The earth surface between the radar van and

ta'get was itot prefteetly flat, which presented a problem when trying to accurately

ascerta in the gLround patch significantly contributing to multipath interference. A

shotgun approach was adopted and a large ground patch was masked, using long

metal r'efl,,mtors canted skvward and X-band absorber matekrial.

iiile-elrinrnt patterns %w(''e meaCISur'ed frl' CaCh of the (ight-rece iveri rchannels.

Tw\o-wav patterns, treasured as dtscribed above, were obtained by uniformlY

wleight inr each receive channel :t1d slmmllllili ovet' the eight-elemnlnt art'ay to form

ont c,,itposite patter'n (ht eaft r i,' !'i','red to as the A IITI pattern-1). I. inally, each

',ceiv'lye ch:anel a as \arighted to rein t, l'NIdl{AI) pattern. Tht,ctieal and

ext erimlltal pitteins te' pieseiited in Sectins 7. 1 and 7. 2. Patternis previousl

discussed in Section 1;. 2. 1 aire referenced in Chapter 7 as AMlTI aind N.'IlflAD.

Typically, antel a palt tens wv i'easillr ed using commoll teat-tilltm qperating

s t,rt 'ir c with modit'ied antenna weights and )oppler filtet r .'o.f ficients. !,' exam -

plh, to riesui'c anI atenla pattern 'ori challnel 1, tilth 'ollo\ ing softwalre Irodi fica-

tions arie 'eqiired. Channel 1 antenna weight is set to I+jO; weights for channels 2

ttul'o h ,it art set to 0,'j. Doppler filter coefficients are modified to forim a dc

!nss filter, or" all G5 filter coeffici(nts are unifornily weighted ti 1 ,;5-4j0. The

reslltitt. softwa re ie'r0s channels 2 thi'ol ]h 8 receiver data and sums the weigzhted

rieceiver data over all eigjht channriels. Afte' i65 pulses, an average r'hanttel 1

1',',ix'etl' utput is generated 'or use as data in channel 1 sinr!lh-eletnent antentla

103{

rat h itt

11121



Simiilarily, to generate an AMTI antenn lilttInm, antenna weighs in each

channel are set to 1 8 + j. fDoppler filter coefficients are. unlit'rrlv a \rivhter to

form a de pass filter just as in the single-elemirit pratterni.

One additional concern is the( requiremnlt for thet eight -rett.vii' chanrnel I

characnitic s to appear uniforma Ili phase and amnplitude f'vro channetl toa chanel;

aill phiase path lengths and gains must be unin channel to chrannel. Ini praciite

this const raint is not0 r'eliie; thUWVe~re, thre ricwvir chnnels arc nrrmliv in

to insure channel uiniformtity befoire each series or inasur'ernts. ivi chamnni

weight corirec tion is a software normoalization of' channels 2 tln'oU-j 8i to chrannerl 1.

Btefre data is ctilltrtet fOr processing, a channel riornializat ion takes placie a it [,in

tilte software,. Specifically, tIre, gain and phase; of all rci'ivi' 1 ctranrrels are i'rr in:1 I-

ized to channiel 1. Arcoirecttion factor frr each chatinic is calcunlated hasIcd It

receiver response to nn incident planeimave pa rallel to thlecialht -il,'rn,'tt a '*:N

aperture. 'Thi' corr'ect ion factort assure's chanrnei to clrat11Ii tini fortiitv y Ilodaiii

ing each channel w eight app'o\'iaatelv, and isslines linlea' tao'e lava riant re' .ivt

operation. Btfore radar data is- cotllectiei fotri proc ssmne% l, he annei itt':- ih :a-

tinl pr'ocetdure is, prfor med.

A tlat plate or corner r'eflector is usied :is the, siLgnal souc i In, rrr t, i ' vl'

ion procwedrtte . A re.flet'ttor is set trral to the r'i''iivi'r :rIa~ nt mlerred

optically. A 11rult ipali a all is cronst IretiI ed ver :rrl :iptr'ori:it'rourd rat ,t. I ]1:11:

is accunulated to dtte rmrrinc gainl atrd phase diffieritnies of o:11 icrantnil, arrr t Ihe

thle channels are( noriati',ed to chlaritel 1. Anrtennra wi'ights ar itlioilie biii Ill,,1

appiiriate crrrectioin factors, and tiltitorrial iy~oil pr'oc'edurec is c'rtliple't.

17o calulat air antenna ratter, i'terall't several I. to 1ii) 'i'reods ofdI

Wer 0I'o0h taied perV'1 iI Itith I Nba r-ing a noli'. letr th' Prpiose' ot system twin, trni-

ion, tine r ecorid coinsists of GO dta ht i'Its. (io'e daita hatcihl is outprut fio a r11, ti.ctii

pi'o'ssrg oif 65 r'eceivedi iulss ovit wiit tirt, corietnt pro'icssinig it irval

extenrds. E'very data hatch c'iirrtnts lprocissid dlata 'isultiti, fr'om txo annar p! '

essirig tetchniques ill' at irg oni a commrlron radar natn a s. tn Ili case' ofI l

real -titrme ra'dar oip'ratjiln, N I'M AD I)and A T \lp1 rocess ing a oud lit ti' r itt inteat ci

vorisequentlx' the Irtitil out put a%~ alImnwst or N l\iHAP andi AMli ri'i'sm siti

In addOit)n It, pt'oc'esseid out put dat a, tire, dta nr atc'h aIs" iirrizi nis ai 1,:11 i

work indicatrr. 'I'his startus a oi'i is an ittrtr'atit or ita vnhitit' Pmii is it Wi

A P pr'ocessing~ stay ilttri of thre radar 'r "Ns dlata lost 'Nil' the '; -ritlsi' !11 t

iroicessing Witrval 1.* It' a dantai pulse dasropped.' ot' N r'itti'ti 'xil' or' I the M.AP

rail ''tarely behind'' tire, radar durina tire, 'ohere'.nt prii''ssitg Ilterval. Hie statlirs

wrdr indric'ates the integrity ir e'ac'h Irr'i'.sjt interval. iK''''' isitti tiat i s

xvr'ittetr ti c'artt-r'ile tapen itt vri~s if 60.t), ixtv hat ch's rmake' ipl a '''i-, td. i

tierral raduar op~erat ion oti 'tat : hatch consists itt1 H, NIM HAD Irange [,il a iriIs

(art, virltai. rIgntitrd.' prt ini hill. n' iphase'ir''r~ttn flli'wr Id to I. A~ V I I
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ranit'e bill magnitudes. The NIa word in the data batch meria Stritl is the st its

\ ovd. 11h12 depicts the contents of'one tape reccord during~ niotoal real -Iime

radar ope~ratiot.. (enerallv sveral records werec av etaged per hearing anglev

velocity to obtain ain antenina pattern or D~oppler filter characteristic. A to(Iis

eonstrttcted of 1980 word6 or 60 btch's, and is defined for notmal radar fperat ionl

as sha ni in Table 12.

Table 12. Tkmp R(cord

real-time radar ope ration

NF1(1 Al) %eltaure 1tat.1 ittot, at." binl 1, Itatc Ii

NNIIItlAD I) \taLit i't gnitude, rzanjge bin .2, trutch I

NN\t :\I) voltzage mattlittjde, ran-"( ina 1 1
A N1 l FI v. age oiagnitndc, range bin 1, Ii tc I
i'uITI voltage i ugni ttde, tang!, bit 2, ko h1

STlAll H %rd indicator 6- puls( iniev:til I,ttc 1
NFMlHAl) voltage a n tud rnge Wi 1, hatch 2

'U I I'1 v It aect. t.2ti h t, u ilt 1', 1):' tl
ST'ATllS 'rd inuicatir 6i.- pulse ittiritI PttI
NI il hjD \>dtage Pianitode trie tnit 1. Path 3

ANK 11 vltapt' muiiiit, rani, bill 16, kit ci ;0
Si'AT'1S a rl inlicaitr 1;. apI-c itval, 1,:th ',o

Mleasureme'nt Si el' IIIadeIl l anl e (fort t v(.ri 1fv ti-"0:11 V~lp] er iItevr 11.1,Ctw I -

;1n(1e. Theoretical IqUter charnetctist ic is shown itn Nwm An ., ligni .2. 1"r

a radar nmvng platfom speed of 32 mph I I*4.:1 !' S), the 3 dBl t tt;I"votlS

extend from 7. 75 mph (0.47 mi Q divrt thoveh 14 mph 0"; 2 , III w) virmp

with a peak centered nioutid 11. 2. mph ( .0.,3in s). Ihiidiewit vel citecs c-Otnd

fronm approximatelv 4 miph W1 ?I' I, nst m\,rL.m 1, 41 iuph (1. 7! !!1.
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Fijfui- 483. Field Site I sed to Dcteimii. NFIlA1 JANl'l Ilteoslild Vt~~

lilure 483. lvpticilly, 10 n-Iws :w, .t liil:tel ICI , 1-S dii tah.a \l'iax.

li,, pass lenrlitl ctuttti t(I a 11) ft (30!1. 4 ill) arid t( k ;p i xia 22 s. liita

Imfv-Ill ilt t 'seclth ton 'Ixiii cx f nol:- t t t-I t; it dat4 !."patm i I V

d11iveti hx- the ticed to have daltlo lo pssI palss ?--lalt.d at a tatht-a

net (Id-to-vn-eta'd ba;sis (thaI is, halt-li 1, voee-I 1, ol azss 1 %ins meazsiin-cd 'veI-

lochiti-, the sanite lain ais haleli 1, ten id 1 of pass 2). This crist i-aiti

itaiposed hx- the11 aria lysis net lied cliiiploN ed il hl a- lilal iu I :u I Pt-~ t tI-sM :r

Sairliplcs wet-e palthf i'd itl all t'flI t( obtat all dal a hasc - ,iIti sfflit-titl itin,1' -

trol t inlsure lalse ala iii rates ais Ink' :is 1 in 24 1K. Ajtpiwxiitratel\ 2. 4 .10"

sauii1ples i erev collecteid hot' the tItieslild haita l)Itt('.
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Threet sepa rate analINses fo- dlet term11illing ta I gvt t I I e(sfIIds S ore i 11lpleiminted.

E~ach SCherrieV uiliZed a irriflirin rit:. hst- fIi threshold ro;ir illation. T[he receiver

detection thr'eshorld volItage is chosen t(, :hieve the djesi ref false alarm prrrbabilitvN

T a* ho false alario prorbabilitY rf mvrthod 1 atnd niethi 2 maY varyv as the

receiver -gain and noise level drift; hoxi ever, foriirnalysis, the system was issui-r

time invariant. Method 3t utilizes a constant f'alse alarm ritt- ((1AH averaige;

therefore, uniform drift in r't'ceivrr Vain and noise levels a re of little consequencev

to the detect ion process (dift does a fleet systemrr perforroance b asing chrannels
beo h unif him).

Mlethod 1 involved compiling, sorting, and tabulating range! binll Iag aa

zind forming a Itistograrr. hlistog4rams woere necessary for AMFTI and NIM[lAD

(data; thetrefore, two separvate hlistograms were' formoed and separate thresholds

%%ecre obht ained . All czangt' bins a ore, luniped linto, one commiron data group, lviding

at1 hi.Sr g ra ill conta ini ng li' H. 1 .- 1-1 sartlples a hrrt IZ trial number of re(rds per

pas B tortal number of batches per re, iii, aind 1 - totail nuraber ,f dat coller-

ion passes. [here aire 9r60 NFI AD JAMIT1I voltagei~ magnitudes conrtainied -a ithin

one recrid after lum pina everv NFIR AD fAMTI ) range sample together. A sin-

gle pass down I axiw av Whiskev vields 96iOO NFEMHAD I)AM11TIJ volt age sam ples,

assumning 10 valid records. To achieve falso alarm raltes of I in 10'' 1050 (rat

oidler tiron passes a re r'equ i red. Clea clY so m n Wi s keY dat a runs is uts idc

pr-actical lirmxits. A total of 105 passes a re required t,) obtain sufficient data t(r

insure false alariem rates of 1 in 10 FTbis figu re %ta. eemndt ebxa

tolercable ha rdw ar'e limits: threre fore, in the interes;t o f all cr ncr-rni'd, 25 passes

wore run to develop the voltage t hresholrd datai base. 240 K'- samaples a ore cr I led ed,

yieold ing a false ailarni rate of 1 in 24 1K. [he dlata cointained %k ithin this data base

is filtered radar data; each batch represents one crhercent prorcossinrr, itfr-:if.

une might argue that since each voltage rirmgaitude ropiosrats ai %Noighred sri

tion of 65 voltages, the false ala miii rate Shruld be 1 in 1. 56\ 10 ; Irsteid 1, 1 ill

24 K.

'Far-geft thresholds are determined for NFIR Al) {AIAtl 1 1,- sel~ltimui voltagres

with m1)agnllitud1fes sufficiently laIrge t(, realize tlt, crsired fale la im at,., Sin c

nrr to rg('t is present, aniv vrrltag e atrorve the thireshorld vorltogr!( rhrrs- 11('111d 1' rrii

side red a fa iso alarm. Tivpicafllv, NFMAI) (AASIl'lI e~o, h'fr
N1'M RA ID A A ]TI

V t (pIa) IV t(P"~ fa, a re spec'ifited gr\-t aI Irirhlii I of falSe' alaivirn P, ;f1rr-

exanrrple, a I-IAl HAl) false ala iii mat.- rf 1 inl 10' viohrs a tlmr-t-shi Id voltagt \% ritton1
NI- R A 1)

Th s e ( 0 ) rmethoid inrpl('iontt'd frrr thre~shorld se'letrin is a1 iriliitrIe vyrisi~n

rrf the f'irst. Data is girruped on ai range bill basis, Ioririin 11; histrgr rrm zini-,1

N FMHAl) and IG histnigroros frrA MIl. Sixtee(n thre'shrrld volItages oire rhtirsen o
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NNI Al) AAITll Ildetect ionf pr~wes~ii, r'esultilnt ill "rie tiiricshoild v ltf:igf pe~r

rarig bill. fli threshoild svle-t ian scheitte is simuilar 1, hiat di-sc'iild ea rlier.

The siifiiaft dirftieflit inl til- sclienti is thl. eiduiii' i is , kilive sj:4 (J avail -

able treshold data baise. The Egainif iti :nth d 2 is n spzitiall\ Ii tali/od thr-sltild~

le-vel. 'Ibrcsllds derive d friom itettd 2 ale-( r('ei'rct'd ti:inv ti miiihx , ti-m

example, j;ianio bin 2, N1\Hi(\f pn-hl:1iiit\ 4d false Pi' . . I()- '~ ,

1it. I Na (2;T

\1 'iAk) AMI

V~~~ I: 1Jk i P

ts'1t Pin thi i'ir'spndinEg k i'anui~e bin. its at' 'reduc I San 1"!) :0, .d t'''

1'4 11I. I' baItChes. If' the liumber ,f false alatta11s IS larpt' ia the nutaiwt'J

falsi. alarmt s spc ified. NINI\I and ,- '( are iltti 't'et ted't' tad lt.\'t'~tt

,atlnews until anl , is estabhlisheod that rilues the. Pe.sie fls aIl ta :it(. uijvi'n

lt,' 'i'nstt'tii ft data base size liiittiain). '[li 'iicuimti , vat's t,( ie sed t(

Itiaiethe aitiblilit'' fd doe tiin wli petlat inE en the,( iv~ilL tairti data

base. 'Ithf VA I/lliveragiL", aind thro'sltld dec isi' ns a to tirfii' utili'tin~ dat a

Patii ntans t i Itita~~ i ud er' 'ii atnd t arLn 't dadt. A ftci'a 'ulatila .- t' a,

t'i~t 1 a t'u'x' ,is'alulat i'd it iliznp a sc'ai'ati tiata, bnsi ctta 11L tam lte

2. 4 N I 'NI I Al DA f A 'F A ITI'lKIAI'A7t

I it nap 1)4 I' i ntt' 48 itid t 0C- ttxNk'ax'N \thsax uI),,,td ilt Si(t itt .162.1

vinVelticit'S. Ili Ztdtitliii hi titi 'alda' valn t t'avei'sinpo lixiti;. tx'\\IskcYv itt

tion slit'. iti t' itt11'viapf oPit lti veI'dv, V", (ILualS 1 111111 Il( 14 a sInl

ti in 1,. 2.3 (.stnp: hen, cvii', Sect lil 6. 2. 4 di Tf'is f itiwt S-;,,c ilt -. 2.1 in thati lit:
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11.( i t d t 1g et 1, 1 Zii.l II 'l 'tdO ; iI'- Va I*I~i' Iv d: Is I I;l-
I-; :I. i.). -

11 . 2. mph (). M .), i.. c,-ttc! ii at -,all -11 I) pler fiHOt pr , old

D~ata ( ll1(lti(. h1 bginis aftir1 the ridlri vall paSistas ~oI0 rlal:' i

tower if theIlt)noVitg 1 latfoI-ii velocity (v aind tarIget ra;dialvt ct (v ;Iali,

achieved before passing t lansiliitttr 1(mer and the tar'gtt ttiic kIa5,i:t1 i

side to eight -element receive arraiy 11rauntiri ('1n m(lllg phi? Ira11. Tie tairv,'l l).Si -

tion was aligned optically with respect to the loving platformi tight -tliiet

receive array.

Ty picallyIN' v ()was ach ieved before reacluh ing the I ia-.IsiII it t e toa %kf.r. Sh, rtlI

thereafter, the irrovitig target p %%ti ws at iglitd 0(111(0 d by- stblza nI v1

If V t was realized before passing the t trIslitt-I tm%(a ', (It llt ir ivcl km "as

in it iated a nd (,()nt iilted unt ilIIito iiv I iat I otIi i ) proiau 1h d rurm i\~v 2:i (I'I i gurIe 4tA.

Rad io comiti un ica t i ns weCrt, cSt it ) 1Ii .(tI beta% et -i t it (III(-i IL! rilair d A t (i -I rl IIld

target vehicle to insure experiiotntal I trdinattion. An tqp1 oal kwi- sig!ht align-

ment technique was iorplenlenttOI i, h.. targe-t vtliicle to, insureu propei bils( fidt

target positioning. A bore sighIt irted inl tihe targeQt vehicle a rIs used fort lbrl ial-

side target alignment in ('((tiljUflIion a Ofh a nariw-bhearo light soiur- miounted .,1

the moving radar platform. Ani obse-rver riding adlaicent toI the la rvt c liner

reflector mounted on the ta rget vehlicle imm0ito red b r lads ide ta rget (((sit (In1.

Verbal feedback from passenger polsition OIl Inlitir to, target vehicle driver a als

utilized in conjunction with rao cornriuni cat ions toI the no lying plat form. In suim -

ma cv, verbal and optical feedback coupled %kith ni ghtt ime tes5tirng mnade for at soim'-

what oscillatory (overshoot t undc rsho(t ) toarget posit~in and vel (citY c(qnt rol. T[best

experimiental errors were due to accuracy lim01itat ions (If' vehicle speediometer

readings, coupled with optical and yerhbaI velocity and position ((lntotnl. 1owever,

velocity variat ions of v r(v deviations relate(d toa fluct uatIions in vv ,and hl c-r 1(
ing angle oi) fall within the 3 -d13 Dopple r passband charaeristic' (If irrre 52. Iii

theoretical NFMAD and Al\ITI patterns (If Figures 51 and 50 indicae N I'lAl)A

performance is 01(1cc sensitive to1 target posit(in fluctuiat ill at hrI(aiside iIl is

AA\IlI, due toI tire forward canter of tile NFl1AI) irin btoii.

Real-time soIftware uised ill Sectioln 6i. 2. 4 melasuremernts wais ident icAi t. slit l-

wlare used in Section G. 2. 3; however, the significant differrnet, is the ;tltsericc If

-in enhanced moving target traversing Ilav tie(n taxiway bi'I)arlsde tI raidar riillvig

lit fio.

D~ata accumoulated pass to pass5 is a5gain cllnside-red to be retile khi t' h:1t, 11,

record th, 1iteord (as it Sect inn G~. 2. :3). Appro)xinmtely 25 (055(5 akr It iiait It(mn I

taxiaay \\ hiskey, II,)lle titrg data iti Section G. 2. 4 testing. Anay\sis I' living ,rI! it

data iI;st. trlwaiii tiht cI:illdtiIon ,f', I vilrits for NFIR \iAl) ianl AM!! I x%:s inijib-

Iitttt(l 05s describud i tiit( hiloam Itng (fiisussor.
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Set Ion G. 2. 4 (1ata (-(Ivc etted t ;I jn s i~l xiB ;iL\ k I iiskc\' is tI I Ic (Ijne hv

tVrouping daita ba! elis as a function' (if t ixi%%av Whi s kc' fp,-it l it' x, ;:s . i~i II)

I'ivurv 49. Fkw purpiises .f this dat:i aiuIV5L disU, us~iol, I.?I

13 d ata ,ullitionr IIsBs. 2.1

I I dat a bat cli*t . pemr Itap Im. rf 1 6

R? S r-o-ords accutiulat.d p.1- dat t lii 1n 1,11DIS*i 10

K =_ razige bitsifllVdi defteeti n pt-u.ssL

S1 I dist:Ine' Sral, 1 it!

2) Itito'i~vr dita ) ii I i a s II k(\A rc I I' 1,

UB Itegcr bat II I. 'Ald i. 1 - 1)- B

B iaUnittIir r(' 'Zd I11. . t;Iu.I I- r -

1> prmbailityd N isc p-ttio %kirn

k- ~1111(kIm) nd
ATTW =. eti I;ii %,-rd1 1 ~

N M A IA I A \IVI

XI W x pfi v I IP Ix 1~ 11 AFM IA ) A.\ Fl I i hb 1tt 1 I.111

NFAMRAr) A II(p

V1 (x, p1 I V (x, p1 \'MIAD1 AM (FAl ofel depeden hIt~ie thIrisI

112



f*(S ; l, I l_ .'. it -1 . 11 - 1'1 . '

x x(,1



oit TO1. 1), 1 ;00 totul iaxi.,a\ pt)~ss~ li5 bill compijletedl. At b 1) :od ri

ora 7(11, '?) totail tLixivi a'. paiss has been comiiiplIetei d. For an'. Whiskey position,
7(b, r), 11 data hitches a ir used to calculate P d (7). The 1) thbatch specified at 5F

N FM IIAD
contains 11; NFI'MADI volItage' magnitudes, V H,1k Ii AINTI voltage magnitudes,

Nr~k a'nd 1 hatch status wo rd, STAT'WD1. The status %vord is used on1v' to insuro

data integrity; STlA'FWI is not used in detect ion processing. If S'I'ATWD indicates

batch data is inivalid, hatch data is nit prolicssed. Ifr the p)t data batch at x(b, r) is

valid, detect un proicssing is perfoir'med over'l K NI"\H~UD range bis and K ATI

ra.nge bins. Tlhree sepa rate detection prce'dures ale, implemented in an e'ffort

deterrininle P( Wx senisitivitv to' the detection pi'icedure utilized. 'largut thl'ild

N VI' IA 1) A AMIl
voltages, V~ t 1, and V t(I 11r )estahlislii'd as ai funct ion of I'1 in Sect ion

G.* 2.3 testing, are used in de'tectiii roce'iitssintg iiti-i'itted ini Section G;. 2.4.

Three separate detect ion miethoids wevre Impleniented ais follow S.

MNI Al) A N'[l
Miethod 1, described in Section G~. 2. 3 Yields V 1 ,tfa )and t~ (1 t' .Gifl

pciibabilit'.N of false ala cm, 11 r, i1ntc NI"IIIADI threshold and one ANIlI thrutsh.-Id
'.'olta apreuoduce'd followinig mtethod I de)it, ion thi-vshol)d aniatS.is.

Nl'1\IAI AM1I
Mi~ethid 1 detection roceliu'ssinig litiIli'd V 11

t~ (p ' fa ) t o(1 , h till tiiatil'

c'aliculate p NFNA I ANIII s at ftiiit in ,I' moving plat foim taixm\ iWhs'.

NlFulHAl A NIlF
poisitiion x(b, 0i. %NIIlADt IA'I I turokutbilit>' it hi''tt'itiii P' ) jI),1

til' aI specified pi'obabilitx' it' false ;ii'in 1 I'. 1i 1:uxk,,\ ' t sititi x(l, I-) 1;1;1\ ho

written as

HVIAl) Nl"N\tlAI A NIlII ANI

A tyvpical anal'.sis ti. evaluate P(I (X , I> IY at \I X00, 1 ) artul 1) 1i s 'l :

W,' r'1 (establishe-s tauxua'. poisit iln on %% tic-ke' ;is x''t

1)! P (u'stalilisic'., ii'itiatilit.' it false iluin

X(b', r1 is equivalun-rt toi P daut~i I Itches c'll'i'tid ; '
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N I? !A[1)(p) N l'i '~A[)

If R'mk) (XI) - \ P. ' fuor anyv k such thait 1 k K and 1) 1, the(n a

sinE I, tarpet hit is cunrtcd.

N J:7i bIAi)(p) NiK"\ I RA 1)
i (V H (1P. (\I for al k such that 1 k K and p)1 1 ho nai

hIt IS ,n

l':iss ictinct, p is incre enled aind tuec detectiont pv s'(dlare is- r':t.i a,

2. ',- . P'-1, 1' I1 i wa 1 o I'Idelec ton proces sill p ni s ,:i f at X~' . ill

'1:1 :+ t i!K lii- xi 1) :, ;sit totiei. A taret :55K 1 C

F, 1 II !1 - ,, ' I' [

I~~~' \liIIA

N I\tiI ,-4t I t i \l) \\!t i ~ I iI!A "1): I

N I I A 1 A 'm r I I I
[IBk) U ca hrla. d'~)N di,! i',i ( 11 li" 1112 11 1 /1 f i l v 2ldi

kIK i. In sumnaY, Section G. 2. 3 method 2 atial~v~is Nwrd ii', NFIRIAI) tihreshr-

,Ids Id K~ AIM Il'l !hai sitids. 'Phe results fron method 2 ainalysis yvield 1K

N M AD AM'I) 11 a-urves for a single P3 value; igenerally, tinc pair of P(d Ini
curves pr range bin. M\ethod 2 processing yields 1K I'd curc pairs, or ''I

N FIM ADf AA \l] curve pair' per range cell for specified PFI
Mehod 1 de'tecion pr'ocessinrg ainalvss i elds oecmoie'FIA AT

c'urve p.ira per 1i r

M',ethod 2 analysis to evaluate Pd() Nf ) ['or ageclIfoo s 1(Atmm

NlYllAl) prihaubilitv of dietec(tion A x x 1, P 1' fa " k 1. It ~tii V t(I' '
fr-eul ititi 2 Volt;rpr' threshold dete'ctioni atialysis.

NI IMHADl(p) NFIR ADI
If V 1 113( ) V' (1' '1 hl.e p 1, t he n al t a r'W I Is (1'l;r'redIh i i n

b)ini 1. '1 en ps s 1.

N IMRIAI)(p) NFI Al)

1, v tqj, hn 1 ;i x I' 111-11 ass counrrter 1) in r l i it f hi t' c-i i ' tn p -

cerdune. stated ;tovc' is repeatedl for P 2, 3, 4, P'- 1. 1'. lilA rnp I'h- et.'li

rcalcurlation terisrrs, thec total nurnher', ,I' '10g.'L~ hll I tat-iL!4- hts :0t x'I is

scrtirn.d. It' tatrjct %as knownt to he' p. 'Sent inl t-;Ilttg hill 1, it Is :Is"rIItIIed pi'si'it

tot 11 t:lxi'.caZlv prssr's. 'The 1t;al nutin)rta of totj'g.t hlits divirdedh' Pi N' rlhs



N FMHA D
Pd MOW, P f,). If tar-get was known to be orutside range cell 1, all tat-get hits are

counted as false alarms, and a P Ic urve is calculated.

The total number rrf samples taken for range cell 1 equals 65 R B P/16. Let

total samples taken for k thrange cell equal sample ot To calculate false alarm

probability, total false alarm count is divided by sampletot' The procedure out-

lined above yields P d or Pfa calculated at x1 only. To generate entire curve over

x, x must vary over entire taxiway, or from 0 through SF.

MIethod :3 described in Section 6i. 2. 4 vields a e IA and a AI given P 'a*
These )values are used in implementing a form of CFAI3 averaging. Typically,

\i'NII A D A NTI NF~IVIAD(p)) ANITI(p)
jo Iis moultipl ied by the average of VR3 (k) (x) IVI 3 BMk)X)l

a trtre I - k - K rver P1 passes. The resultant product is treated as a batch -

dependent threshold volItage. To calculate NFAIRA D batch-dependent threshold

N I- NM HA D(p)
V (1) p1 ):

NFMAIR)(p) NFIMl AD K NFAIRAD(p)
V L,(,Pfa K 2: V1R ()W

k= 1

where p ) 1, 2,3,. ... P. The batch-dependent threshold was treated in method 3

detection analysis as in method 1. A single composite curve pair is generated

given 11 fa, a1nd 16 curve pairs are generated in a fashion similar to method 2.

7FAPIKRIN1EI'U\L~ RI Sl urs XND (:(:lA SIONS

,.1 'FU-%a% kitentui P~ii Itrasr

Tlie antenna paittern shwra n r ivr-r 50 a as rir rsurvd as des riheri in Sccir'n

1;. 2. 1. lr'iEZure _)O r(Ipits; III( tw - xporinintal~ ;tntenna pattern \ ithtr rss-

11 ;teirt's, andl tihe tii ers tic:a patIteI rn I Ifl at I ir l I neII ,-. I:\ per i nt1 a p t tern (t at a

a%,s rlleIetehd ove aring, angles r anging! fr 44" t,, 136". i-xpciirlnrrrtarl error

III ;rI/rrrutl rSrrlut ion 'as est inlrtrI to Ire. Iss than 2 ". Tihe cxrerirental paittern

si alisveragi voi rr:rtn\ 1. -.rs dalta 1)Itrir's, (,r ea ch crosshatchr represents

(0,ve ag Iseverta rita rsr'rrl.H. Thcs therrretiral nulls at IillT anid 11' Li cre

rrrltrirrte(d I)r- thre trarrsr
t
zl pltefrn; le rtire t 11ar 1m1 at 6i" and the a0rt

tirill ait 112''at-rIe nrit e.xperrrrrentall% ver.ified, as seen in ligIr re 50.
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7. 1. 2 NFNI A D A NT.N NA PATTER--13N

The antenna pattern shown in Fiigure 51 was measu rod as dc se ribed im Sec)i(n

G. 2. 1. Figure -)I, like F-iguiie ;-0, depicts the experimental tw- ziV lteoia pnt -

tern with crosshatches, and the thoretical pattern with a solid line.

The expe r imental1 NFl'NlHAD patte rn shows the( amost serious pr()e enh ro1c omi-

te red thus far (W ring field test irro. Results indicate the expe rimenct al N FlA HAI)

JAMTI } radar is unable to synithesi7e a broaid antentn pattern null. Iheowotwiali. '

the NFIR AD null should extend from apprr xiiat l.v 1 04" to 1151"; ho wever, tis

broad truill has thus far not been ,htaitned. Naiixr -45 ill niulls lave hero i mes -

tired; however, they genoialls aric not irraasi. o the Nf\IIAI) processi

schemne to realize perfo~rmance iriprovr~mcnt over AMiil procssi., the 14"

antenna pattern null is essentil. A sotlrt ion to, tis probhlemi is io,% haing impile-

mented.

-Fte orinicorsputer software is heinitv mod ified tor irritld an nil Sr iroiss-

fo rm ing - lgot'ithoi. Bean) -Corriiling coceffic irot1s nill het rls'tnis ira i V urd\ 11)11 I :11r tl t

noi vi I be formsed adaptivei.
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7.5 Receiver Nois~e H~istogrami

Figure .54 is a typical histogram or receiver channi-I misc. Ilit- rroist rmiplr -

tude was calculated for 1000 complex independent voltaige son pics. ( rincma

approximate the number of bits Consum ed hy re er iiise using Ii cur 54. 1(r

worst -case ana1~sis, asstrnre thre noise volitage is tiqui iol Q vi)taLce (,rrrj)rnent,

and the I voltage comrponent is zeru. 'Ibei 11oan misc itagte )veI :111 rgirrt 11cilnis

was calculated to be 80 mrV. Al)(' inpu)t en ivIt vf 10 1'r V 'chane( I,! AM D( ut Pu

stnte; therefore, eight changes F, statec occur ait tha output 4 th( AI)('. Thus ih

meartnos voltage cnlsuries 4 bits of the, AI)( dvnamic rang l i-r(-1-) r.-s

I-igtr- 54, a noise ruagnitudc -of' 200 mrV wctrrer 10 tirmes otrt of 1000 6;iorr~ rrc

1 percenlt of the total numrber of samrples. \korst-casc zin:ilsis fthrrs C:Isc i±

20 changyes (of AI)( output state ,r 5 AI(' bits mzic lit ,nsrumrcr Ixv rec,- rv(-r .

(7 mrantissa bits total g~iven :i cnstrrt base 2 cport1

NUMBER C)F
N OrSE
SAMWLFS

-'5.1

0 r itarn vorids a rourid 1. :) arid 4. .~N10 - Vh trslan i- I hIl )Tw'ri-

hito grnrrrrl igene ratiotr ZiI2 r tlrr lu r It lirr r l;ll '- l !)-TI S 5.. I!:. -cIi~l ; !I

nrattre fr tho( tr ise dali. UFr Ii x'pkll~rror, iet a I' Ill'1: S torohit c s, r'r
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Appendix A

Complex Recursive infinite Impulse Response
011R) Digital Filters

Ali. FILTrER SPECIFIC:AIIONS AN) NORMAIVl.FD REAL.
1l0%%PXSS FILTER DIG(N

It s dsitedto esgn digital Filt ers that have a s joule passlmnd r Z, ml

Stopband in the Ci-ecuenex' interval -lI F I, -- Q-fl f ! he) f )is the- pulse re pt tt]

Freqttenev. l~ceopt or' the special cas(-s w hore the pnsshands or the stotphands a1 r

ce-nterd at 1c, it will he fl(savt, use filters ,'11()se trans (r functions wte

1 1 r1!1% na-t icolar design1, the folrtwirQ speuiloral ions are cdd

1) 1l:assband (or- stohanrl) xioend -,-L:-"

(2) 1 poori hound )n ripple in the passhnnd

(M) Vlter disc: iitninaito) (ratio ofI r'axinlulro -sIwol p.." r 01 . 'asr'.

sitn:'l ttit] the reject reaLyio)

(4) Hlllff or rate of transition !romti the( pass r'ioLnttlt 01' rlt-o et rrio

th, tilt rl

0)Sat a r)lin opeoriod (T I 1,

'It vmen(thod(s wee isedI rr. develop deire ri l11' diaita n~njts roid loo ijt p

filt c r-. Thc Frst Ilteth-d proeeds as; Fr,'

12-

k"ECDLtG PAGE ALAMK-Z4T Fl JAVAD



Let 0) 'Z ., be thei detsir(it 1 isshfld (or stophanil). I sinLg the' desiun

p)!o-(&idtils de(rilI ll.v CGold aIrid Hiader, NI frtjuenf(,ios L\ X1, "d-'

ar- (leritted 1 he rtltt's

'A I

off rah.. the i ia'i described it] Cl lsti ' Ui!I :l 1s'd .ti -l>~~

tIble filter tYpes (that is, But1terwortli, Fo>''7 I~ L.:;rI 0 i tt;I

the Zissr('iated voltag'e trans fer loss mat1w ion. 1(s), S 1- J ' hat ". III iithl

speii iations in a normalize.d lo%%pass filter. A plo)t of a typical power tiansfi'

loss tuntion i-~tit ) 10 lottg, lI(jf'i)!2 for' a normalizedl low pass filti' is sha n

in Fl gu e Al. Thel( quantity' A is the m axinmumi attenuatio hin the( passbaind aindMax
is a measure of the -ipple in the passbanid. Ali is the- to in ili tim att enua:t ion inl

the rejeccl region, and hence the difference A .- A is a measu re of the filter
min iiax

disc ci miinat ion. Thel( frequencY Q S is related to the vile if rate and, in pariticulart,

the quantitY (P s - 10/2 is the rat io of the( width of the transition region at one edge

o f the pas sband to the 'till width (I - S 2 - 1) fr the passband. The tables in

('Iiristiian and tEisenniann A2 spec ify' the voltagye transfler loss funct ion A(S by' tab -

tlttinail( theros Qol P"". and poe Q 0 ,2 f If(s) (see Fiure, A 1).

l'ht voltage tranrsfer Function F(N for the no rmalIized low pass filter- i scm. Llii I

Filteris with ai single passbatid or a1 single4 stophand c'anl be enertlc from the

samte no ritali led low pass filter, h' moeans f %%ell known ti 'nsforrnations d'sercibed

in thle ne(Xt secution.

Al. (GoId, 11. , aind] Raderc (1969;t) Digital Pmroess in, of Signals, M~cG raw ilii
\ew% Ytork.

A2. Christian atnd Nisenriann (it966) Filter Design Tablles and Craiphs,,, John W~\
aind Sons, N 'w Yor-k.
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Tihe t aansf( rar'nc

'A 1 A2f
S SLo<

converts the normnalized 1lo ass lit,, ta,, ;~ rt. hk o~t,

funct tun

and symmaetri cal Ipassb.-nds

o
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and

and will be denoted by 13 antd -13 l'espectivt'iv.

In ('ariving O)ut the' present de-sign4 procedurt-, It A IIl IW ni'( C ;artY ev.'ntuall

to) identify the roots and po(le~s (or Fh (So). Thie v itail t ranfe f(' funt ion I- (S) f(-

the normtalized itakpass filter' is ti-dma tilv pro'sciia' to. 11ea0S 4 its rits aind

poles, and it is advisable i, trWIatsftit1 this function !tot r byN fati t t cd t( ho

able to determine the it(ts ind pol'es of Y: Th . i's each1 Sa-~ - S ta-

forms into, a rational frzicti~ jot s tos

(So r +' )s r
So

A A2 -A 1)9,, 2"~" -,! AI ). -
2. 4 'A I -AA2

and

P0

Since F bp (o is real oIn thel ireal axis, its rlot ;ind poll's % ill modrt in c ,ntu-

gate pairs, and the behavior o)f the fitter iii thl' iL t it n1 tI h(t tolt0ifti.;the pass -

band B will be due prina r'ilx' to tho se i't-,ts aitid po(le-s that lIn in the upper half-plane.

ConverselY, the beha vitor of the filteri in the vcepi on ' 0 thait tonta ins til pa s sand

-13 ,%ill be due primarily to the roots and poios of F 11(S1) that Ie( in the ia It half-

p la ne.

Discarding the toots and pol1es of F V1 (S') that li' in till 1lowe(r h-lf-plinn el-I' at's

a1 complex voltage tr ans feri funct itt. that. relpr'esents a flter with only-, tih'eitt

passband 13. Conversely, disearcding the roots and poles in the upper hlf 1 11

results in a complex voltage t ransfe r function that r'eprceltts a filter ak itit Tilv the

single passband -13.

This method can be used to generate a single passband filter, provide'd that1 t ill

passband does not overlap W
1
l 0. If wY 0 is over'lapped and ul -"" 1' then a

single real low pass filter- will he sufficient. The 01 ws lit he'e (1 is Iiatll'(

an d wX 2 e w wilt be discussed late'r.
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[It(- siflvfl( patsshln filtip, canf be noirmalized in f differeint ways, result ing in

several di ffk renit forms (see VFigu re A 2). The fo rm sho wn in Figure( 2(b) hais bet-.n

not'tializktd to the iwve~rage value in the passband.

A2 "A. 0 -4, -WA2

(a) REIAL LOWFPiSS FILTERN

'b) CWPL F A StNGI E
S'Qt'SANI FI TEN

SINGI E BAND L OWPASS
40dSFIL.TERN

l'i[ure- A2. Powcr~ Transfer Functin~iso F ilter's I Sed to Heitlt/. ant
A\svt'trtet tical Sintvle-13.ind I AIwpass Filter. Fiter (aI) casxitlid \%ith
filtei (h) produces filte-r (c)

%3. 'I NFRFt NC'IONS F~OR SINGLEII STOI'Il1ANDI

'- 2 "Xl.1 )

(onvvirts the nrirtdizLed lopa'Ss f'iltf r wtth V(i Igt ta tr-;Fit' tutt Is nt :

htintistp riof ttr wit it t i tarts Ft r fim, itt



Its

andsymlie r(8- )iS' stpn- Bi)~ -
s %%-s fihiip s ~ e s tI, d l; c( o 1 ilIII',1)

(S -p )'.I -iI

± s "A2 'A sl i'A 2 AI

V/ I 1

lIT- /Whit', and poles ofVh S )Til:- b fw c- ,IlIilld it(

p Iticipa t o thei ro,tt' an po i' t l s "l~l ] I AIi Iltii thc ~ Ip w l l it s 1 TI iis'l it , Ill-

lai o (i f tilt, t'i itcri il-i the lt' 'tii ", (1 ii fiji- ~li i i s III,'a t -IT I dli, IlIi Tb -

II II.- lii t 'iirots lil' Ilk Ill, t'sIhat Ilk' ill Ilk' 11I' (.I II r-pL u1

D )is a c ii I ['IIT L t II I 11 ti I I'- 1lant tIl It r, ii A1 it' ii l p- I~ I I),[ S I TI I. Il s

\tt aT t ru'a fs' funit ion " itl 11 1 tili'T11 stolllhilid H. I I V1 I I I Ii ' I t2 I

tan ft-tisr, m-LIIt ioll W itliIil I lWt I110t St Ill~laili -. 1

o' 0. Ifr t it'( itsi it i s tophtid lc Ihitaii &' ( II aI( I it iti~ I I\ I '' I TI ;III, s It 11

re'spect to "0 0t, thl ;I I-eA liiwstiip liltetI l lII I ie it (III iIIm. it. l S

filte s I' .as m~ll tricA lilt rvaIs Iictu IT! 0 sItc l 4 d h ,'%
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-0d -A2 1t.W'p'.

40dB SIIPBANOF'If 'R

Od --- Al oA2

o I

40F)dB F ITt [BA

I i~uvi A\ i. tiA l . 1 ll, il , I' IpI I -
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%-5. IbAT.I' I. FILTE i R'El iAIll VTION

W it I t h~I lI ItI-)~dpas l ~ i t( p, va I Ih ,I t IIt v ,It: :I L!I rfunIsI, r 'l t t I-;

Silli,1I-tIMttd filtetIS ert-;Ited b tilt' melimlis Icsc'ibcd :11xcv Is 'f ilc fol-tc
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Appendix B

Complex Nonrecursiie Finite Impulse Response

F P Diqiti Fiitu,

M .I BI. (itv. -'M I -)

S '--I ~ -'

- - -NO* I1
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FJ .jER
VOLTAGE RESPONSE

NBW: 3

2NBW - 1

0

05 TRANS TON VAWuES

*2

NM=2

0 2 3 4 5 6 7 8 3( 32

NPz33

l'iaurc 131. Spe(Ii fi'a tkl (,f F ilter Res5ponse~ \Values for a
13P33-3-2 FIR3 Filter

Table 131 shows some of the filters that w ere used in the theoretical invest iga -

Lions asso ciated w ith NFNIHAD.

Table B1. FIR Filters Used in NFAIRAD Inv(.stigation

flandpass Filters Bandstop Filters

BP15-1-1 BS15-7-1

B3P3:3-1-1 BS33-12-1

1P33-2-1 BS33-13-1

BP33 -3-2 13S3:3-14-1

BP(;5-3-lI 13S6.5 -25- 1

131165-3 -2



Appendix C

Control Panel Operational Range Equations

Range Cell Width =131.15 ft (40 m)
Range Coverage 2100 ft (640 m)

FiLgure C'1 depicts the thr-ee operational r'anat- modes ,f tin r-adar-: Nl:'GA TI \11-1

SH(AilT, and ].( )NG. The position of switches 1, and F select ,n, (0' the -~Ai r !'aniLe(

inude5c as rie fined in Table C1.

SAMPLE & HOLD DELAY SELECT TEST me, LOG IF

MANUIAL IF ATTEN

, L ONG_ ELAY NEG _8SHORTODELAY 
O 4 '

DO 01 02 D3 0 C a OFF
JOS C) RENA

ON

04 08 D6 07 OFF
EF

LONG - 00
SHORT - 01
MEG -I I



lI' (i 1. I i da( z e~ tig I tI I Ic

S I It I) I

I .quations (( I), (CO), and W5U) express the rtalc -secc h vcintgi 5, am i1t( ,
range bin MI 13) and cant rol panel cccnfiu rat ion ( I)(AiA In' D7, (-tc I i -t: ~
cpe(ratircnal range mode is d -termindi I),, the- icsit in (, t)) icc)l iscfel Sc tcs I.
zild I .

C:1. IA()N(; I)4. I it IN(.I F;QtLA'rloN

Equation (('1) expresses radar sealrch ranige (-, I as ic Iuneti'l (in at10, D). D-,
control panel sw itch position, and the ranges bin M11) ccf interest when in the . N
delay\ range mode. D Stis the cantrol p)anel switch (D)7, DGi, D)), 1)0. D) set dunr -
ing radar ope rat ion. T'o calculate I~ when in the( 1 .t)\C delay rangeca mode: L et
1D7 7, DU G i, D.7) DO 0, and R13 is ant integZer reprosentintz the range( bin
(if interest such that 1I RI - 161.

[.()tNG De~lay,, Range Equation

) G. 5763(l2(D7-D se )± 10 12 13) ft - 17. 2,- ft (WI)

The time delay (,-W betw een the I ransncitter MA IN BA ND and the radar li-hit
SAM PLE'* cam mand is givent by-, 1,q. (C2).

I1, iN(' Delayv lime 1,:rluatlcn

12 4l' 117D )- 10 i- 2 IM) ('2)

(:.2. SIIOI{' t)LIAi H A \G VQA) A'IION

E'quatnion (U: .1 expresst~s radara seatlch rIcig,~ is ai tintccci ,f A, Bt, ( , )
(Cot ic)Icto swc'itch posit ins cInld the calnge hill (IB) c0l itt ccc'St %0ici it' ccc SI1 It I
delay~ rangL! cicccde. ( cciv scc 5itc'Ies A, B1, 1,) cccu Icictizi a %ciglctel cc1l 'cc1c' u

ci)tjn rig ;is slin ill C cbl 2.
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Table C2. DCBA Io Equivalent for Rangv Calculations

fControl Panel Base 10
Switch Position Equivalent

D C B A

0 0 00 0

0 0 10 2

0 0 11 3

1 1 1 1 15

SHORT Delay Range Equation

131. 1525(16. 375 + RB - DCBA 1 0 ) ft -517. 25 ft (C 3)

zit may be calculated as expressed in Eq. (C4).

SHORT Delay Time Equation

A t - 4 (1(;.3 75 + R B - D CBA (C04

C3. NEGATIVE D)ELAY RANGE FEQUAION

Equation (C5) expretsses the radar, search r-ange (1) as a function or' A, 13, C',

D and IM when in the NE-GATFIVE- delayv range mode. A nega tive result from

Vqs. (CS5) and ((-'(;) indicates the 16-bit SAMPLE command of interest occurs before

thew tra.nsmitter- MA IN BANG. A positive result indicates the SAMt!PLE comamand

occurs a fl r- the MAIN IA NG.

NEGATIVE Delay R!ange E*quat ion

,1:31. 1525 (1/2 H il - !11A 10 ) ft - 517. 25 rt. ((C5)

Ni GATUI VEt Delay Tim( iKqoatif)n

A't 4 ~ (1/2 fill DC11A1 ()(

14:3



Appendix D

ADC Alignment Procedures

T[he purpose of this toedr is to ensure that th( AD ( a sseonhil\ is , l ihieated

and will not intr-oduce additional cvrols into the reevrp'e sor vstein. All

comments and adjusti (ents will he rnade %kith roefetren(c to the I side Eol the asserrhblv;

horweve r, they applv eo -ially to the Q side.

Recoin mended lEqui pm 'or
Dual tr-ace rosci llosco pe

Signal pt'netratoir

0-5a V dc va riahie- pow oer suirplyN

1.1-:1) Jispia-v box (or- eight -channel Irfie ro\ e

13N( to SNIA adapter-s as r-equi tori

lDigital mult itn etc (DlNI

Twrr 11-wirev zibbrrn mrnnctoirs (MIt P)At 3.);2040-01 E quiviritW).

D)1. 8-1111' MA)( A~LICNMENT

1)1. Inlitial Sell)[)

Cornne'ct an l -i rE' i1 rfr t rhe 4- lit AM p N (- d i li ihuttr , m hlr I , IN ill.,

13-bit AD( assc'rrrlY tmdt'r' tst. lhr r thht ErrII.rt 1'w Errrro rill 8-ti AIt

hrrar'd hEw U, pin-; 19-3,G rsr the hI, k; 8 i Err' Err E, it', IhE A M) rd

(pins 19-20) is crrintE trri hE tIE- 4-tnt EEEAEE r-1trt111 0Er hl- 1,rr- 1- *r-1.

k raCL6DjG PAGE BJJI( -NOT M.AI



lieversing the supply seqiwnc, :m ci.s -ii riu, dainia ; to the AI)( (:. fer to

Figure DI).

I, A

S AMP-E COCMMANL 3
INV ' T ilF, M

2.ICTA, X-

ANA. O)C

N --

ANAK)G .\

I iT 4D

FSuc D- .-3i J..Ai.Il n.Cn iLII;Ii



A~M

-- MAJN JNGT-

TRAN.SMITTER

4-81T ALIC from o c. tbood

SAMPLE COMMAND 8-H A
(from iogc boord -A ;

C,,rv og7b,"

I-igure D2. Receiver Digital Hardware
(lBackplane Connector Panel)

D)1.2 ADC Assemibly G;ain Adjustment (Refer to Fire 1)(b))

Ensure the analog input (signal generator) is set for 100 mV peak to peak at

250 KIlz as measured with the scope (trace A).

Monitor the input to the ADC (trace B) and adjust the GAIN pot of the wide -

h)and] amplifier for a gain of 6. 3 (630 rnV) output.
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8-81T ADC 6~ -81T AOC A

SAMPLEf

A~l f- BN

A IA A A 111

JULJ? UCL LLJUL CL

(b) (alib-at ion Adj ustmenc-Fts (Side View)

Fiiture D)3. 8-Bit A[DC AssetlvN

D)I.3 AD)C .-XSembihI Off'set Adjeest meni (RAefer it Jigue 1)3(b))

The purpose of this adijust mei-t is to ensure thei iiazo(L input htas C) 0 \tid

(with respect to arocund) as ritiaSUr-ed \%ithj an slot-. A11% d oUi l ii

anaflog signal w ill cause the ADC output to shirt a itpl ovl;1i~atmt :iid mivzlliditc

,Invy gathe i-ed data.

MoInitor scope tri-ae A mid adjust the iitalopa inputt (SiLiTazl 1,,1 0~ti %,- Ii-ftV

liniethe ti-ar I3 probie ftoot the A I)(' (pins 17 and 1,1) ;tid t mliii it It Hi-.

sarnple and I-dd uinit input (pinls it0 and 11). (lbri-i tfo FiQ1cti' I):(:I) Itot pin -

t i ons.

Monito the s opv Or cc 11) :Ind 14js th 1p ~ ,'11 k l'
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I I Au f I t f itt,

1 - 18)( u ! 'A - 1 -

B .. 118( 1e 4 A \ ni. I-1II'

1 I 2 11 1A -18 1 I i' A u IS - 16

Ii 1t 1 1- 18 Cr1 1 1e A I 1-1

B AB -l ird 7 r, A uIIs 1 -1I

I I r, 1 1 -1 8 1 1 d P r Aiw -1-1

BI 1 r..' 1-1 8 1 ud 10 r A twitu.- I-o'

I ii 1 t 7 118 u I rI Art- !1I- I

DI W t 1) 1 -18 (ur 12 1' A dry-. 1- 16

18. Adj13ust the, 0-50 ~iB uttt'nlut (I I ft r) 8 ) , 1 n( t 1 1i' fr-n tur),nt tu
fit' nlaxtiaurrt attenuatn.

t.Connecrt the scilloscoupe ti thlt IF~ frnm end its f ,lA , (1 5i- '
1-igure El(a) for Ioetiru n I]- front e nd):

1. Trace A to the hi-dBi test point.

2. Tr'ace 13 to the- 12 -dYi test pointt

d. Determine the, front panelI attenuator, settinL! 1(t 1- used (rfit,- iT 0he
pow'e r reading 'attenuator settinQ taken in step :1).

1. If n 1 r11W power level aus obtained, add thet alr'nuutv settunt! t'
-75 -Ili toi obtain the preper value, that is, uttenitlti nSettmct

2. 7 u-l
4 7,- d ',

77. -7(M

%.iI I he thre totalI syst em ztttenuat ion tot he inse-rt ed vi ; th1. -1-m~ 11
uittinuatir and the feint panel atteniuator (0-5)0 dli setitltn
tlt, i tonI panelI attirruator- set toi 27. 7 (IB).

2. If a I ' po r - I'' ivel a ts nut 12 laln d m Iii, t 1t .t't I.-v. I*.

inL fr feint panel attenutitn and sulutr-ti f'u. til t-it:,

atte-ni, 'Si tcl, that is, tii er level re,;tdtri it -:'. ditt:i.

7 ,- 1I

-3 . 2 rlliti

7~~~ 1 1)



After the proper attenuation level has heen set, mon ito r the scope and adjust

the 4-bit A DC do' bias pot (refer to Figu re DOn until the G~-dB IF attenuator line just

begins to switch in. E~nsu re the manual attenuation corntrcol on the radar control

panel is in the OFF position (refer to Figures CI and EI(a) for location.

Note: By monitoring the t6- and 12-dB IF attenuator lines, you ensure that

6 dB is being calibrated.

D)4. DYNAMtIC SYSTEMI CHECK (Refer to Figure 1)8)

The dynamic test for each of the I and Q sides is the same for all eight Chan-

nels. Channel 1Q will be described because of its accessibility.

8- WAY I ---S0 C

OWPOWER UTPUTF

tl 0ro f h F i p t 'hr fromB Er ------- r-e- 40 PHAS inp t i t an N Dt t i

ATTErUlrO SHad- to an eih-a5oe tvdi (~IHI~A 'M8
I~~~~~~~~~ 6igrgtcrxr;be 3-a a) 'am' al Ih rrtprt hn

p~~~~~~~ ~~~ 7;r tiim h nu orsath Ifra nit

.nfiapr rc t~hle rmanshmifther migh rFi tru rls. '[hlinod~r i rr :(c ir'rirsirr 1M.ir2.

rim 'tX 4-n to an lx ',mr'. v (Nirme lthrighusrf the eAighA wypi\miMiiili' r

di:rrlrivide ito theS irrnpth ot rnrim' M i''urdt erd. rhr's~r mIln l(

In ,df-r1() eter ine thf.szit r~i~ pn t ',,(;c ) h D nt ti vI(



If not used, the R " input cable must be moved from channel to channel i as the test

progresses. )

1. (On tile radar contr'ol panel, set the II attenuator switches to 0 rIM if

manual IF' att enuat ion.

2. Connect an oscilloscope to the sample and hold input pins (10 and 11) of the

ADC under test. (Refer to Figure D3(a) for pin locations.

3. Set the 0-50 dB attenuator to 50 dB of attenuation. Set the transmitter

fr ont panel attenuator to 20 d13 of attenuation.

4. Turn rack power on (both transmitter and receiver racks). Allow 10 main

for warmup. Turn the transmitter "offset oscillator" on.

5. Monitoring the scope, adjust the 0-360 0 phase shifter for the largest possi-

ble signal level (with respect to ground).

i. Set the transmitter front panel attenuator to 50 dB. On the radar control

panel, set the auto/manual IF attenuator switch to AI T(O.

7. Monitoring the oscilloscope, begin decreasing the amount of attenuation via

the front panel attenuator. At the point where the Gi dB IF attenuator begins to

sw itch in, measure the signal level (reading should be less than 1. 25 V peak).

8. Continue decr'easing the attenuation on the front panel attenuator. As each

succeeding IF attenuatokr begins switching in, note the signal level.

(Note: The full range of 42 dB of IFI" attenuation may be achieved in the follow-

ing marnerr:

After the front panel attenuator has been adjusted through its full range (to

0 rIB), set the front panel attenuator to 50 d1 and the 0-50 dB attenuator to 0 d3

attenuation. Fhis will give the syste) amother 50 dB of signal range.).

9. Repeat steps 1. through 7. for the reoaining 15 A A) sides.

At no point should the signal level measured in the automatic mode of IF att n-

uition exceed 1. 2.) V peak. If the signal level does exceed tin s amount, the AD("s

0 ay satn'at ,

10. If' the signal level for any one of the If; ADC's exceeds 1. 25 V peak, rop:il

tlhe 4-hit ADC bias adjustment pr cedure outlined in Section D3.

1.,7



Appendix E

System Component Identification

The purpose of A ppendix E is to ident ir. the equipment l oted it oil r 1
four- equipmient racks that mnake up the. NEM A I) (AM El) s5vst iis. A- o-;, 1. lv.I

is identified %N ithjn on equipinent rack, reference a ill be :nnd, ito h pi o. 1 -

in this report and/or, other- documecntitin fow functi 'aol ripti

F. 1. RuE I~ ERi (Refer to Fiire E I (a))

II i'ive I Il.Seut iii .,'2.4

l1 v %,.

Ildr'(ntrol Pane 1(4. Ap~wotix C

kceiiivfi- Iligitollruwi IN o- F.4.,. 4 t huh 4. 7

level 4

Arvilori to' I)ipit;il (onv-rtr ir 4. 2, 4. 1 Appendix I)

(ADC)) D~eck

I~v . .) ;tiil G

Pe.suppiIifs a'i

PAE4--O
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EK2. 'FR ANStITER (Refer to Figure F.1(b))

D tv I .tricis 10J. : ' 2

I itt~r it 'lb'i'ivi Ar'rL! \kf I2.2A-p

hi I

1('



levcl 2

Controml panel Hef. CSl'l ( iperati~ aond: Nlaintcnantw
Manual, Doc. No). J1132000 -000-04.
('SF1, 40 I innel. ('r., fillericra, A
01821

level 3

I pper~ A\lainfri le Cool ing Pans ixer. none

level 4

Min fr ame Card Nest He(F. see le~vel 2 above

L owetr Ma infrarn- Cooling Fans 13ef. flm,ne(

level6

Power Supplies Re4. see level 2 ab, x'

FA. MAPI ARRAY PROCESSOR (Kter to Figure F.2(b))

IBisplay Scope He. ekt nix piat ii tt 1: ot

nance Aanuail, Type 611 1\ld. lt2(

Tektronix Type G11 Tlt 1-ix, In". I. 1. 11x .1 00

level 2

fhard Copy Unit Ref. IckI rumi Opta~t iii oil \:ill-
Tektronix M~od. 4601 tenancr NIZTlanoa NI .0. 4tidl.

Ievel1 3

MIAP Monitor Panel Her. lnslall;dion nid 1 qwr:' in I
No,. A11(-000-01.

level 4

Expansion 11W I SuJpplV I j 1 nll lt*ai \Nlzn.ii'
AlI 600 1-0014 -1 I

level 5

MIAP-300 Arithmetic I'roecssor MA I'I iPr raloloro I Hecri, \Nkom.,!

P1
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MISSION
* Of

Rom Air Development Center

RAVC pfan6 and execwtu A 'e~aAch, devetopment, te,~t and
6etected acquiZPton p~og~tams in ALuppott o6 Command, Cont~ot
CommuniLcatiou.6 and Inteeience (C31) activitim~. TechniLcat
and enginee'tiiq .uppwi't within a'zeas o technicat competence
4-6 putovided to ESI) Pkogtam Oica, (PO6) and otheL ESD
efem~ent. The pinaipae techn-Lcat miLsi~on atea,6 ak'e
communications, etecttomagnetic guidance and cont~ot, '6wt-
v'eiUance o6 g~tound and ae~'ospace obiect, 4inteU-aence datta
coe~ection and handting, -in6otmation sys-tem technotogc'q,
ionophetic putopacgaticon, so~id 6ta-te 6ci~encc,6, m-ic'owue
phqP6kC, and etecttonic 4etiabifity, maikitainabiity and

* compatibititq.

Prne by

United States Air Force
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